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Preface
 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and 
private-sector organizations in their efforts to improve the quality of health care in the
United States. These reviews provide comprehensive, science-based information on common, 
costly medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC 
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm

AHRQ expects that these systematic reviews will be helpful to health plans, providers, 
purchasers, government programs, and the health care system as a whole. Transparency and 
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrq.gov) to see draft research questions and reports or to join an 
e-mail list to learn about new program products and opportunities for input. 

We welcome comments on this systematic review. They may be sent by mail to the Task 
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, 
Rockville, MD 20850, or by email to epc@ahrq.hhs.gov. 

Richard Kronick, Ph.D. Jean Slutsky, P.A., M.S.P.H. 
Director Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 

Stephanie Chang, M.D., M.P.H. Nahed El-Kassar, M.D., Ph.D. 
Director Task Order Officer 
Evidence-based Practice Program Center for Outcomes and Evidence 
Center for Outcomes and Evidence Agency for Healthcare Research and Quality 
Agency for Healthcare Research and Quality 
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Imaging Tests for the Diagnosis and Staging of 
Pancreatic Adenocarcinoma 
Structured Abstract 
Objectives. Synthesize the available information on using imaging for diagnosis, staging, and 
screening pancreatic adenocarcinoma cancer. 

Data sources. We searched EMBASE, MEDLINE, PubMed, and The Cochrane Library for the 
period 1980 through May 2013 for published, English-language, full-length articles on using 
multidetector computed tomography (MDCT), endoscopic ultrasound with fine-needle aspiration 
(EUS-FNA), magnetic resonance imaging (MRI), and positron emission tomography–computed 
tomography (PET/CT) for screening, diagnosis, and staging pancreatic adenocarcinoma. The 
searches identified 8,834 citations; after screening against the inclusion criteria, we included 10 
systematic reviews and 102 studies. 

Methods. We extracted data from the included studies and constructed evidence tables. Where 
possible, we pooled the data using bivariate binomial regression models for comparative 
accuracy. For each pair of tests and each assessed aspect (e.g., determination of metastases), we 
determined whether the evidence was sufficient to permit a conclusion of a difference, or a 
conclusion of approximate equivalence, or neither (i.e., insufficient). We rated the risk of bias of 
individual studies using an internal validity instrument and graded the overall strength of 
evidence of conclusions using Evidence-based Practice Center methods. For data on single-test 
accuracy, procedural harms, patient tolerance, and screening accuracy, we tabled the important 
information and summarized the evidence qualitatively. 

Results. We included 10 systematic reviews and 102 primary studies. Regarding comparative 
accuracy, the evidence was sufficient to conclude that MDCT and EUS-FNA have similar 
accuracy in assessing resectability in patients whose disease is unstaged, and that EUS-FNA has 
a slight advantage over MDCT with respect to T (tumor) staging. Further, we concluded that 
MDCT and MRI are similarly accurate with respect to both diagnosing and assessing vessel 
involvement. For PET/CT, evidence was generally inconclusive, but we found sufficient 
evidence to conclude that PET/CT is more accurate than MDCT in assessing metastases. No 
included studies reported data on clinical management, survival, quality, or the impact of patient 
characteristics or tumor characteristics or operator experience on comparative accuracy. Many 
studies have reported procedural harms, but they are generally rare and are different for different 
imaging modalities. In the screening of people at high risk of developing pancreatic 
adenocarcinoma, most people have negative results on pertinent imaging tests, and available 
studies do not correlate the results of a given imaging test to subsequent diagnoses. 

Conclusions. Many gaps remain in the comparative assessment of imaging tests for diagnosing 
and staging pancreatic adenocarcinoma. The prominent gaps involve minimal information on 
MDCT angiography, imprecision in existing data, a lack of comparative data on patient-oriented 
outcomes and factors that could influence comparative accuracy, and minimal data on screening 
accuracy for any given imaging test. 
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Executive Summary
 

Background 

Pancreatic Adenocarcinoma 
Pancreatic cancer is the fourth most common cause of cancer death among men and women 

in the United States.1,2 In 2013 in the United States, about 45,000 people will receive a diagnosis 
of pancreatic cancer and 38,000 will die of the disease.3 Risk factors for pancreatic cancer 
include tobacco use; personal history of chronic pancreatitis, diabetes, or obesity; and a family 
history of pancreatic cancer.1 About 10 percent of patients with pancreatic cancer have a positive 
family history of the disease.4 Pancreatic cancer incidence rates were reportedly highest among 
African-American men (21.3 per 100,000) and women (17.6 per 100,000) during 2004 and 
2008.1 The second highest rates were reported for Caucasian men (16.8 per 100,000) and women 
(12.8 per 100,000).1 The differences between these populations and burden of disease may be 
related to higher rates of cigarette smoking and diabetes mellitus among African-American men 
than for Caucasian men and higher body mass indices among African-American women than for 
Caucasian women.1 

Diagnosis and Staging 
Patients often remain asymptomatic or have only nonspecific symptoms such as malaise, 

fatigue, and loss of appetite until relatively late in the course of the disease, often with extensive 
spread, when weight loss, jaundice, and severe abdominal pain often appear. Due to late 
diagnosis, approximately 80 percent to 85 percent of cases are unresectable (i.e., too advanced to 
permit surgical resection),5 and the median survival patients with unresectable tumors is only 6– 
10 months.6 

For the patient, given the poor prognosis of most cases, the differences in modalities and the 
consequences of their use are important to understand. Also, elucidating patients’ experience and 
tolerance of various imaging modalities may help future patients weigh the benefits and harms of 
the tests and allow them to incorporate their values and priorities. 

Once pancreatic adenocarcinoma is diagnosed, the stage of disease is a key determinant of 
clinical management, as well as a key predictor of survival. Most cases are diagnosed at an 
advanced stage, precluding surgical resection.1 For localized disease, the 5-year survival is 
approximately 22 percent.1 When pancreatic adenocarcinoma is diagnosed at an advanced stage, 
the 5-year survival is approximately 2 percent.1 

Resectability 
Surgical resection offers the only hope of cure and is decided via multidisciplinary 

consultation (e.g., surgeon, gastroenterologist, radiologist, oncologist, radiation oncologist). The 
two key factors in assessing resectability are distant metastasis (which usually indicates 
unresectability) and blood vessel involvement (which sometimes indicates unresectability, 
depending on the degree of involvement). The major blood vessels of focus are the superior 
mesenteric vein (SMV), portal vein, celiac artery, common hepatic artery, and superior 
mesenteric artery. The resectability criteria continue to evolve as surgical techniques advance 
and more tumors are resectable via reconstruction of blood vessels.7 
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Multidetector computed tomography (MDCT) scan is often the first imaging test in a patient 
whose symptoms suggest pancreatic adenocarcinoma. It provides three-dimensional multiplanar 
reconstruction images enabling determination of tumor size, extent, and spread, with a 
standardized pancreas protocol.8,9 The test does not always differentiate malignant from benign 
pancreatic lesions, and its ability to detect small tumors or small hepatic/peritoneal metastases is 
limited. A concern about MDCT is that the procedure exposes the patient to radiation and, 
therefore, may increase cancer risk. Other current imaging technologies for diagnosing and 
staging pancreatic adenocarcinoma include endoscopic ultrasound with fine-needle aspiration 
(EUS-FNA), magnetic resonance imaging (MRI), and positron emission tomography–computed 
tomography (PET/CT). 

Objectives of this Review 
The primary objective of this review is to synthesize the available information on using 

imaging for diagnosis, staging and screening. The availability of this information will assist 
clinicians in selecting imaging tests, may reduce variability across treatment centers in staging 
protocols, and may improve patient outcomes. A secondary objective is to identify gaps in the 
evidence base, to inform future research needs. 

Scope and Key Questions 
The key questions are listed below: 
1.	 What is the comparative effectiveness of imaging techniques (e.g., MDCT angiography 

with or without three-dimensional (3D) reconstruction, other MDCT, EUS-FNA, 
PET/CT, MRI) for diagnosis of pancreatic adenocarcinoma in adults with suspicious 
symptoms? 
a.	 What is the accuracy of each imaging technique for diagnosis and assessment of
 

resectability?
 

b.	 What is the comparative accuracy of the different imaging techniques for diagnosis and 
assessment of resectability? 

c.	 What is the comparative diagnostic accuracy of using a single imaging technique versus 
using multiple imaging techniques? 

d.	 How is test experience (e.g., operative experience, assessor experience, center’s annual 
case volume) related to comparative diagnostic accuracy of the different imaging 
strategies? 

e.	 How are patient factors and tumor characteristics related to the comparative diagnostic 
accuracy of the different imaging strategies? 

f.	 What is the comparative clinical management after the different imaging strategies when 
used for diagnosis? 

g.	 What is the comparative impact of the different imaging strategies on long-term survival 
and quality of life when used for diagnosis? 

2.	 What is the comparative effectiveness of imaging techniques (e.g., MDCT angiography 
with or without 3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) for staging 
of pancreatic adenocarcinoma among adults with a diagnosis of pancreatic 
adenocarcinoma? 
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a.	 What is the staging accuracy of each imaging technique (for tumor size, lymph node 
status, vessel involvement, metastases, stage I–IV, and resectability)? 

b.	 What is the comparative staging accuracy among the different imaging techniques? 
c.	 What is the comparative staging accuracy of using a single imaging technique versus 

using multiple imaging techniques? 
d.	 How is test experience (e.g., operative experience, assessor experience, center’s annual 

case volume) related to comparative staging accuracy of the different imaging strategies? 
e.	 How are patient factors and tumor characteristics related to the comparative staging 

accuracy of the different imaging strategies? 
f.	 What is the comparative clinical management of the different imaging strategies when 

used for staging? 
g.	 What is the comparative impact of the different imaging strategies on long-term survival 

and quality of life when used for staging? 
3.	 What are the rates of harms of imaging techniques (e.g., MDCT angiography with or without 

3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) when used to diagnose and/or 
stage pancreatic adenocarcinoma? 

a.	 How are patient factors related to the harms of different imaging techniques? 
b.	 What are patient perspectives on the tolerance of different imaging techniques and the 

balance of benefits and harms of different imaging techniques? 
4.	 What is the screening accuracy of imaging techniques (e.g., MDCT angiography with or 

without 3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) for detecting precursor 
lesion(s) of pancreatic cancer or pancreatic adenocarcinoma in high-risk asymptomatic adults 
(i.e., those at genetic or familial risk of pancreatic adenocarcinoma)? 

PICOTS 
Populations 
•	 Adult patients with symptoms in whom pancreatic adenocarcinoma is suspected 
•	 Adult patients with symptoms with an established diagnosis of pancreatic
 

adenocarcinoma
 
•	 Adult patients without symptoms who are at high risk of having or developing pancreatic 

adenocarcinoma (family history or genetic risk factor) 

Interventions 
Imaging using one or more of the following tests: 
•	 Multidetector computed tomography (MDCT) angiography with 3D reconstruction 
•	 Other MDCT 
•	 Endoscopic ultrasound with fine-needle aspiration (EUS-FNA) 
•	 Magnetic resonance imaging (MRI) 
•	 Positron emission tomography combined with computed tomography (PET/CT) 
Reference Standards to Assess Test Performance 
•	 Histopathological examination of tissue and/or biopsy 
•	 Intra-operative findings 
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• Clinical followup 
Comparators 
• Any direct comparisons of the imaging tests of interest 
Outcomes 
• Test performance outcomes 

o Test performance (sensitivity, specificity, under-, overstaging) 
• Intermediate outcomes 

o Therapeutic management 
• Clinical outcomes 

o Mortality 
o Quality of life 

• Adverse effects and harms 
o Procedural harms of testing (e.g., radiation exposure, puncture from FNA) 

Timing 
• Any time points will be considered 

Setting 
• Any setting will be considered 

Methods 

Search Strategy 
Medical Librarians in the Evidence-based Practice Center (EPC) Information Center 

performed literature searches, following established systematic review protocols. We searched 
the following databases using controlled vocabulary and text words: EMBASE, MEDLINE, 
PubMed, and The Cochrane Library from 1980 through May 2013. The full search strategy is 
shown in Appendix A. 

Literature screening was performed in duplicate using the database Distiller SR (Evidence 
Partners, Ottawa, Canada). Initially, we screened literature search results in duplicate for 
relevancy. We screened relevant abstracts again, in duplicate, against the inclusion and exclusion 
criteria. Studies that appeared to meet the inclusion criteria were retrieved in full, and we 
screened them again, in duplicate, against the inclusion and exclusion criteria. All disagreements 
were resolved by consensus discussion among the two original screeners and, if necessary, an 
additional third screener. For procedural harms of imaging technologies of interest, we 
conducted a supplemental search that was not limited to the literature on pancreatic 
adenocarcinoma. 

The literature searches will be updated during the peer review process, before finalization of 
the review. 

Study Selection 
Our criteria are listed in five categories below: (1) publication criteria, (2) study design criteria, 
(3) patient criteria, (4) test criteria, and (5) data criteria. 
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Publication criteria: 
a.	 Full-length articles: The article must have been published as a full-length, peer-reviewed 

study. Abstracts and meeting presentations were not included because they do not 
include sufficient details about experimental methods to permit an evaluation of study 
design and conduct, and they may also contain only a subset of measured outcomes.10,11 

In addition, it is not uncommon for abstracts that are published as part of conference 
proceedings to have inconsistencies when compared with the final publication of the 
study or to describe studies that are never published as full articles.12-16 

b.	 Redundancy: To avoid double-counting patients, in instances in which several reports of 
the same or overlapping groups of patients were available, only outcome data based on 
the larger number of patients were included. However, we included data from 
publications with lower numbers of patients when either (a) a publication with lower 
patient enrollment reported an included outcome that was not reported by other 
publications of that study, or (b) a publication with lower patient enrollment reported 
longer followup data for an outcome. 

c.	 English language: Moher et al. (2000) have demonstrated that exclusion of non-English 
language studies from meta-analyses has little impact on the conclusions drawn.17 Juni et 
al. (2002) found that non-English studies typically were of higher risk of bias and that 
excluding them had little effect on effect-size estimates in the majority of meta-analyses 
they examined.18 Although we recognize that in some situations exclusion of non-
English studies could lead to bias, we believe that the few instances in which this may 
occur do not justify the time and cost typically necessary for translating studies. 

d.	 Publication date: We included studies published since January 1, 2000. Older articles 
likely included outdated technologies. Studies of harms of imaging technologies that did 
not specifically involve pancreatic adenocarcinoma (i.e., any clinical indication), must 
have been published since January 1, 2009. 

Study Design Criteria: 
a.	 For key questions on single-test accuracy. For Key Questions 1a and 1b, which address 

the performance of a single imaging test against a reference standard, we included only 
systematic reviews. EPC guidance by White et al. (2009)19 states how existing systematic
reviews can be used to replace de novo processes in CERs. We will refer to the PICOTS-
SD for the pertinent subquestion, and these seven components (Populations, 
Interventions, Comparisons, Outcomes, Time points, Setting, Study design) will be the
seven inclusion criteria. For quality, see section D on risk of bias. 

b.	 For any key questions comparing two or more tests, the study must have compared both 
tests to a reference standard. The reference standard must not have been defined by 
either imaging test being assessed. 

c.	 For any key questions on single versus multiple tests, test experience, patient factors 
(e.g., age), or tumor characteristics (e.g., head or tail of pancreas), the study must have 
made a comparison of data to address the question. For example, for test experience, the 
difference between MDCT and EUS-FNA may depend on the experience of the centers 
(e.g., higher case-volume centers may find less of a difference in these technologies than 
lower case-volume centers). 
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d.	 For any key questions involving comparative clinical management or long-term 
survival/quality of life, some patients must have received one of the imaging tests, and a 
separate group of patients must have received a different imaging test. This design 
permits a comparison of how the choice of test may influence management and/or 
survival and/or quality of life. 

e.	 For Key Question 3 on the rates of procedural harms, we included any reported harms 
data based on 50 or more patients, in the context of diagnosis or staging of pancreatic 
adenocarcinoma, on the harms of imaging procedures that contained a statement in the 
Methods section that the study planned in advance to capture harms/complications data. 
Additionally, we included studies primarily of harms and adverse events associated with 
the use of each specific imaging modality, regardless of the type of cancer being 
detected, that were published in 2009 or later. 

f.	 For Key Question 3b on patient perspectives of imaging tests, any study design was 
accepted. 

g.	 For Key Question 4 on screening, we included any study that reported the performance 
of at least one included imaging test in the context of screening for either pancreatic 
adenocarcinoma itself or precursor lesions to pancreatic cancer. 

Patient criteria: 
a.	 To be included, the study must have reported data obtained from groups of patients in 

which at least 85 percent of the patients were from one of the patient populations of
interest. If a study reported multiple populations, it must have reported data separately for 
one or more of the populations of interest. 

b.	 Adults. At least 85 percent of patients must have been aged 18 years or older, or data
must have been reported separately for those aged 18 years or older. 

c.	 Studies of the screening/diagnosis/staging primary pancreatic adenocarcinoma were 
included. Testing for recurrent pancreatic cancer was excluded. 

d.	 Data on imaging tests performed after any form of treatment (e.g., neoadjuvant

chemotherapy) were excluded, but pretreatment imaging data were considered.
 

Test criteria: 
a.	 Type of test. Only studies of the imaging tests of interest were included (listed in the key 

questions above). Studies of computed tomography (CT) that did not explicitly state that
(or it could not be determined that) CT was MDCT were assumed to be MDCT. Given 
our publication date criterion of 2000 and later, we believe it is safe to assume that CT
performed in such studies was MDCT. 

Data criteria: 
a.	 The study must have reported data pertaining to one of the outcomes of interest (see the

key questions section). 

•	 For accuracy outcomes (Key Question [KQ]1a through 1e, KQ2a through 2e, and 
KQ4), this means reporting enough information for one to calculate both sensitivity 
and specificity, along with corresponding confidence intervals. 
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•	 For clinical management (KQ1f, KQ2f), this means reporting the percentage of
patients who received a specific management strategy, after undergoing each imaging 
test (a separate group of patients corresponding to each imaging test). 

•	 For long-term survival (KQ1g, KQ2g), this means either reporting median survival
after each imaging test (separate groups of patients), or mortality rates at a given time 
point (separate groups of patients), or other patient survival such as a hazard ratio. 

•	 For quality of life (KQ1g, KQ2g), this means reporting data on a previously tested 
quality of life instrument (such as the SF-36) after each imaging test (separate groups
of patients). 

•	 For harms (KQ3), this means a statement appearing in the Methods section that
harms/complications would be measured, reporting the occurrence of a procedure-
related harm and number of patients at risk, or the reporting that no harms or 
complications occurred as a result of the procedure. 

•	 For patient perspectives (KQ3b), this means reporting the results of asking patients
about their opinions or experience after having undergone one or more of the imaging 
tests. 

b.	 Regarding the minimum patient enrollment, for studies comparing imaging tests (KQ1b
through 1g; KQ2b through 2g), we required data on at least 10 patients per imaging test. 
We also used a minimum of 10 for Key Question 3b on patient perspectives of imaging 
tests. We used a minimum of 50 patients for data on harms (KQ3) or screening (KQ4). 

c.	 For all key questions, the reported data must have included at least 50 percent of the
patients who had initially enrolled in the study. 

d.	 Studies that reported data by tumor (e.g., x percent of pancreatic adenocarcinoma tumors 
were correctly detected) instead of by patient (e.g., x percent of enrolled patients were 
correctly given a diagnosis of pancreatic adenocarcinoma) were not excluded because of
this difference. However, we separated the tumor-based data from the patient-based data
because they measure different types of accuracy. 

Data Abstraction 
We abstracted information from the included studies using Microsoft Excel (Redmond, WA) 

and we extracted the data into these forms. Duplicate abstraction of comparative accuracy data 
was used to ensure accuracy. All discrepancies were resolved by consensus discussion. Elements 
abstracted included general study characteristics (e.g., country, setting, study design, enrolled N), 
patient characteristics (e.g., age, sex, comorbidities), details of the imaging methodology (e.g., 
radiotracer, timing of test), risk-of-bias items, and outcome data. 

Risk of Bias Evaluation 
For systematic reviews of single-test accuracy, we used a revised AMSTAR (Assessment of 

Multiple Systematic Reviews) instrument. For each included review, two analysts independently 
answered 15 items and independently assigned the review as either low risk of bias, or 
moderate/high risk of bias. Discrepancies in the category assignment were resolved by 
consensus. For studies comparing two or more tests, we used a set of nine risk-of-bias items after 
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considering the QUADAS-2,20 as well as additional issues that specifically address bias in the 
comparison of diagnostic tests. 

Strength of Evidence Grading 
We used the EPC system for grading evidence on diagnostic tests as described in the EPC 

guidance chapter by Singh et al. (2012).21 This system uses up to eight domains as inputs (risk of 
bias, directness, consistency, precision, publication bias, dose-response association, all plausible 
confounders would reduce the effect, strength of association). The output is a rating of the 
strength of evidence: high, moderate, low, or insufficient. This rating is made separately for each 
outcome of each comparison of each key question. 

The EPC system requires that reviewers select only the most important outcomes of a review 
to be graded. For this report, we graded evidence on comparative accuracy for diagnosis, 
resectability in patients with unstaged disease, staging (including its components T staging, N 
[nodal] staging, metastases, vessel involvement, and precise stage), resectability in staged 
patients, and clinical outcomes (clinical management, survival, and quality of life). 

For each comparison and each outcome, we determined whether the evidence permitted an 
evidence-based conclusion. For comparative test accuracy, this meant determining whether the 
evidence was sufficient to permit one of the following three types of conclusions: (1) test A is 
more accurate than test B, (2) test B is more accurate than test A, or (3) tests A and B are 
similarly accurate. The first two types of conclusions required a statistically significant 
difference for either sensitivity or specificity (or both), whereas the third type of conclusion 
required a nonstatistically-significant difference for both sensitivity and specificity, as well as 
independent judgments from two reviewers that the data were precise enough to indicate 
approximate equivalence. If none of these three conclusions were appropriate, we rated the 
evidence insufficient. If the evidence was sufficient to permit a conclusion, then the rating was 
high, moderate, or low. The rating was provided by two independent raters, and discrepancies 
were resolved by consensus. Below, we discuss the eight domains and how they were considered 
as inputs to the rating. 

Applicability 
The applicability of the evidence involves four key aspects: patients, tests/interventions, 

comparisons, and settings. In considering the applicability of the findings to patients, we 
consulted large studies to ascertain the typical characteristics of patients newly given a diagnosis 
of pancreatic adenocarcinoma (e.g., age, sex) and then to assess whether the included studies 
enrolled similar patients. Some aspects of interventions may also affect applicability, for 
example, if a study uses an uncommonly used radiotracer. Settings of care were to be described, 
and if data permitted, subgroups of studies by setting were analyzed separately. 

Data Analysis and Synthesis 
For comparing imaging tests, we synthesized the evidence using meta-analysis wherever 

appropriate and possible. Decisions about whether meta-analysis was appropriate were based on 
the judged clinical homogeneity of the different study populations, imaging and treatment 
protocols, and outcomes. When meta-analysis was not possible (because of limitations of 
reported data) or was judged to be inappropriate, the data were synthesized using a descriptive 
narrative review approach. 
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For each pair of imaging tests compared directly by a group of studies (e.g., MDCT and 
EUS-FNA) for a given clinical purpose (e.g., diagnosis), we performed bivariate meta-analysis22 

of each test’s accuracy data using the “metandi” command in STATA.23 If this model could not 
be fit for a given test (i.e., if there were three or fewer studies in the analysis, or the model did 
not converge), we performed separate analyses of sensitivity and specificity using Meta-Disc 
(freeware developed by the Unit of Clinical Biostatistics, Ramón y Cajal Hospital, Madrid, 
Spain).24 Using the meta-analytic results, we used equation 39 in Trikalinos et al. (2013)25 to 
compare the tests statistically (separately for sensitivity and specificity). For statistical tests, we 
set p=0.05 two-tailed as the threshold for statistical significance. If a comparison was not 
statistically significant, two reviewers independently judged whether the confidence interval 
around the difference was sufficiently narrow to permit a conclusion of approximate 
equivalence; disagreements were resolved by consensus. 

Peer Review and Publication 
Peer reviewers are invited to provide written comments on the draft report based on their 

clinical, content, or methodological expertise. Peer review comments on the preliminary draft of 
the report are considered by the EPC in preparation of the final draft of the report. The 
dispositions of the peer review comments are documented and will be published 3 months after 
the publication of the evidence report. 

Results 

Evidence Base 
The literature searches identified 8,834 citations, and after duplicate review, we excluded 

8,189 of them. The most common reason for exclusion was that the article did not involve 
diagnosis, staging, screening, or harms. We retrieved the other 645 articles in full, and after 
duplicate review, we excluded 526 of those. The most common reason was that the study 
reported data only on a single imaging test of interest and did not meet inclusion criteria for other 
key questions. See Appendix B for a list of the publications excluded at the full article level. We 
included the remaining 119 publications, which described 112 unique studies/reviews (seven 
publications reported overlapping patients). Of the 112, 10 were systematic reviews and 102 
were studies. 

Key Question 1: What is the comparative effectiveness of imaging 
techniques (e.g., MDCT angiography with or without 3D reconstruction, 
other MDCT, EUS-FNA, PET/CT, MRI) for diagnosis of pancreatic 
adenocarcinoma in adults with suspicious symptoms? 

Key Question 1a. What is the accuracy of each imaging technique for 
diagnosis and assessment of resectability? 
Nine systematic reviews met the inclusion criteria for this question, of which three were both 

recent (published 2009 or later) and of high quality (meeting all eight of the quality criteria 
deemed most important). 

For EUS-FNA in diagnosing pancreatic cancer, the three recent high-quality reviews26-28 

reported summary sensitivity results ranging from 85 percent to 93 percent and summary 
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specificity results ranging from 94 percent to 100 percent. CT was addressed in only one 
review,29 which was deemed not of high quality and is outdated (2005). MRI was addressed in 
three reviews,29-31 none of which were high quality. The reviews agreed on MRI sensitivity, with 
meta-analysis results ranging from 84 percent to 86 percent, but differed on specificity, with the 
two reviews from one group reporting 91 percent specificity and the other review reporting 82 
percent. PET/CT was addressed in two reviews,30,32 neither of which were high quality. The low 
quality of all the reviews on CT, MRI, and PET/CT limit the confidence one can have in the 
quantitative estimates of accuracy. 

The only review that included resectability as an outcome was outdated, of low quality, and 
analyzed only CT and MRI studies. It found a statistically insignificant difference in sensitivity 
favoring MRI and a statistically insignificant difference in specificity favoring CT. Because of 
the low quality of the review and the large confidence intervals on the authors’ summary 
estimates, we conclude that the evidence is inadequate to prove any difference in effectiveness 
between CT and MRI. 

Key Question 1b.What is the comparative accuracy of the different 
imaging techniques for diagnosis and assessment of resectability? 
Eighteen included studies addressed this question. For diagnostic accuracy, three studies 

compared MDCT with EUS-FNA, seven studies compared MDCT with MRI, six studies 
compared MDCT with PET/CT, one study compared EUS-FNA with PET/CT, and one study 
compared MRI with PET/CT. For resectability in patients with unstaged disease, one study 
compared MDCT angiography with 3D reconstruction to MDCT angiography without 3D 
reconstruction, one study compared MDCT with EUS-FNA, and two studies compared MDCT 
with MRI. Studies were low or moderate risk of bias. 

In most cases, the combined evidence indicated neither a difference nor equivalence between 
two imaging technologies. The imprecision, therefore, often prevented any conclusions about 
comparative accuracy. For two cases, however, the evidence was sufficient to permit 
conclusions. One involved the comparison between MDCT and EUS-FNA with respect to the 
accuracy of resectability assessment in patients with unstaged disease. Based on one study, we 
found similar accuracy between the two modalities, with sensitivities of 64 percent to 68 percent 
and specificities of 88 percent to 92 percent. Another conclusion involved the comparison 
between MDCT and MRI with respect to diagnostic accuracy, which was performed by seven 
studies. These studies found consistently high sensitivity (89 percent) and specificity (90 
percent) for both imaging modalities. 

All other subquestions for Key Question 1: No included studies reported pertinent data. 

Conclusions for Key Question 1 
Nine included systematic reviews yielded the following conclusions regarding single-test 

accuracy: 
•	 Evidence was insufficient to permit accuracy estimates for MDCT angiography with 

or without 3D reconstruction. 
•	 For diagnosis using MDCT, one systematic review yielded a sensitivity estimate of 

91 percent (95 percent confidence interval [CI], 86 percent to 94 percent) and a 
specificity estimate of 85 percent (95 percent CI, 76 percent to 91 percent). 
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•	 For diagnosis using EUS-FNA, three high-quality and recent systematic reviews 
yielded sensitivity estimates ranging from 83 percent to 92 percent and specificity 
estimates ranging from 95 percent to 100 percent. 

•	 For diagnosis using MRI, three systematic reviews yielded sensitivity estimates of 
84 percent to 85 percent and specificity estimates of 82 percent to 91 percent. 

•	 For diagnosis using PET/CT, two systematic reviews yielded sensitivity estimates of 
87 percent and 90 percent and specificity estimates of 83 percent and 90 percent. 

•	 For MDCT, in assessing the resectability of tumors in patients with unstaged disease, 
one systematic review yielded a sensitivity estimate of 81 percent (95 percent CI, 76 
percent to 85 percent) and a specificity estimate of 82 percent (95 percent CI, 77 
percent to 97 percent). 

•	 For MRI, in assessing the resectability of tumors in patients with unstaged disease, 
one systematic review yielded a sensitivity estimate of 82 percent (95 percent CI, 69 
percent to 91 percent) and a specificity estimate of 78 percent (95 percent CI, 63 
percent to 87 percent). 

Eighteen included primary studies yielded the following conclusions regarding comparative 
test accuracy: 

•	 MDCT and EUS-FNA are approximately equally accurate in the assessment of 
resectability of pancreatic adenocarcinoma in symptomatic adults with unstaged 
disease (Strength of evidence: low) 

•	 MDCT and MRI are approximately equally accurate in the diagnosis of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: moderate) 

Key Question 2: What is the comparative effectiveness of imaging 
techniques (e.g., MDCT angiography with or without 3D reconstruction, 
other MDCT, EUS-FNA, PET/CT, MRI) for staging of pancreatic 
adenocarcinoma among adults with a diagnosis of pancreatic 
adenocarcinoma? 

Key Question 2a. What is the staging accuracy of each imaging 
technique (for tumor size, lymph node status, vessel involvement, 
metastases, stage I–IV, and resectability)? 
Only one systematic review26 addressed this question. It was a low-quality review of CT 

studies that includes studies that used single-slice CT scanners. Rather than using the TNM 
(tumor, lymph node, distant metastases) system of staging, it examined only the question of 
whether the primary tumor had invaded surrounding vasculature. The authors reported summary 
results for all studies included and for a subset of studies published between 2004 and 2008, 
most of which used multi-slice CT. Sensitivity was considerably higher for the later studies than 
for the rest, with no corresponding loss of specificity. When the review considered only studies 
published since 2004, the review estimated the sensitivity and specificity of CT to be 85 percent 
(95 percent CI, 78 percent to 91 percent) and 82 percent (95 percent CI, 74 percent to 88 
percent), respectively. 
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Key Question 2b. What is the comparative staging accuracy of the 
different imaging techniques? 
Twelve included studies (low or moderate risk of bias) addressed this question. For the 

accuracy of the assessment of metastases, five studies compared MDCT with MRI, and two 
compared MDCT and PET/CT. Two studies also compared MDCT and MRI with respect to the 
assessment of vessel involvement. All other test comparisons and aspects of staging were 
analyzed by no more than one study apiece. 

In most cases, the combined evidence indicated neither a difference nor equivalence between 
two imaging technologies. The imprecision, therefore, often prevented any conclusions about 
comparative accuracy. For three cases, however, the evidence was sufficient to permit 
conclusions. One conclusion, based on one study, involved the superiority in T-stage accuracy of 
EUS-FNA over MDCT (~67 percent of patients were accurately T-staged by EUS-FNA as 
compared to only 41 percent by MDCT). Another conclusion, based on two studies, was the 
similarity in the accuracy of the assessment of vessel involvement by MDCT and MRI 
(sensitivities 62 percent to 68 percent, specificities 96 percent to 97 percent). The third 
conclusion, based on two studies, was that PET/CT is more accurate in the assessment of 
metastases than MDCT (67 percent vs. 57 percent for sensitivity, and 100 percent vs. 91 percent 
for specificity). 

All other subquestions for Key Question 2: No included studies reported pertinent data. 

Conclusions for Key Question 2 
One included systematic review yielded the following conclusion about single-test accuracy: 

•	 When the review considered only studies published since 2004, the review estimated 
the sensitivity and specificity of CT to be 85 percent (95 percent CI, 78 percent to 
91 percent) and 82 percent (95 percent CI, 74 percent to 88 percent), respectively. 

Twelve included primary studies yielded the following conclusions about comparative test 
accuracy: 

•	 EUS-FNA is more accurate than MDCT in the assessment of the T stage of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: low) 

•	 MDCT and MRI are approximately equally accurate in the assessment of the vessel 
involvement of pancreatic adenocarcinoma in symptomatic adults (Strength of 
evidence: moderate) 

•	 PET/CT is more accurate than MDCT in the assessment of metastases of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: moderate) 

Key Question 3: What are the rates of harms of imaging techniques 
(e.g., MDCT angiography with or without 3D reconstruction, other MDCT, 
EUS-FNA, PET/CT, MRI) when used to diagnose and/or stage pancreatic 
adenocarcinoma? 

We included a total of 72 studies for this key question: 44 described harms due to imaging 
tests for the diagnosis/staging of pancreatic cancer and were published in the year 2000 or later, 
and the other 28 were not specific to pancreatic cancer and were published in the year 2009 or 
later. The large majority of pancreas-specific studies reported the procedural harms of EUS-
FNA. The most commonly reported harms in such studies were pancreatitis (occurring in 0 
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percent to 2.4 percent of patients), postprocedural pain (occurring in 0.1 percent to 2.0 percent of
patients), and bleeding/puncture/perforation (occurring in 0 percent to 4.3 percent of patients). 

Key Question 3a. How are patient factors related to the harms of 
different imaging techniques?
No included studies addressed this question. 

Key Question 3b. What are patient perspectives on the tolerance of 
different imaging techniques and the balance of benefits and harms of 
different imaging techniques? 
One included study found that about 10 percent of patients state that EUS-FNA is very 

uncomfortable, and 11 percent of patients state that MRI is very uncomfortable. 

Conclusions for Key Question 3 
In the diagnosis and staging of pancreatic adenocarcinoma, different imaging tests are 

associated with different types of harms. MDCT and PET/CT use radiation and therefore can 
cause cancer, but the size of the risk is not possible to estimate specifically when used for 
diagnosis/staging of pancreatic adenocarcinoma. EUS-FNA risks are due to the physical 
invasiveness of the procedure and primarily involve pancreatitis, postprocedural pain, and 
puncture/perforation/bleeding. Regarding patient tolerance, one study of screening found that 
about 10 percent of patients stated that EUS-FNA and MRI are very uncomfortable. 

Key Question 4: What is the screening accuracy of imaging techniques 
(e.g., MDCT angiography with or without 3D reconstruction, other MDCT, 
EUS-FNA, PET/CT, MRI) for detecting precursor lesion(s) of pancreatic 
cancer or pancreatic adenocarcinoma in high-risk asymptomatic adults 
(i.e., those at genetic or familial risk of pancreatic adenocarcinoma)? 

Conclusions for Key Question 4 
Six included studies involved the screening of high-risk asymptomatic adults for detecting 

precursor lesion(s) of pancreatic cancer or pancreatic adenocarcinoma. 
•	 No accuracy estimates are possible for any single imaging modality, because the six 

included screening studies provided accuracy data only for a joint set of imaging 
tests. 

•	 The large majority of high-risk individuals (HRIs) who undergo screening for 
pancreatic adenocarcinoma either have completely normal imaging studies 
(52 percent to 63 percent) or have some abnormal imaging that was not sufficiently 
concerning to warrant biopsy or surgery (18 percent to 45 percent). 

•	 Only 2 percent to18 percent of HRIs screened received either a biopsy or surgery 
based on imaging findings (any imaging modality—MDCT, EUS with or without 
FNA, MRI), amounting to a total of 46 HRIs (7 percent) from the 6 studies. 

Discussion 
This comparative review summarizes evidence on imaging tests (MDCT angiography, other 

MDCT, EUS-FNA, MRI, and PET/CT) for pancreatic adenocarcinoma with respect to four 
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areas: diagnosis, staging, harms, and screening. Diagnostic and staging accuracy are reasonable 
for several tests, but direct comparative evidence was generally not precise enough to 
demonstrate clear advantages of one test over another, nor to demonstrate similar accuracy 
among tests. We conclude that MDCT and EUS-FNA have similar accuracy in the assessment of 
resectability in patients with unstaged disease, and that EUS-FNA has a slight advantage over 
MDCT with respect to T staging. Further, we concluded that MDCT and MRI are similarly 
accurate with respect to both diagnosis and assessment of vessel involvement. For PET/CT, 
evidence was generally inconclusive, but we found sufficient evidence to conclude that PET/CT 
is more accurate than MDCT in the assessment of metastases. 

No included studies compared these tests for their subsequent impacts on patient 
management, survival, or quality of life. Future comparative studies should measure these 
patient-oriented outcomes. Another important gap concerns the lack of evidence on important 
factors that could influence comparative accuracy, such as the prior experience of test readers 
(e.g., two tests may have similar accuracy if readers are very experienced, but one may be much 
better if readers are less experienced), patient factors (e.g., for patients with jaundice, one test 
may be best, but for patients without jaundice that same test is worst), and tumor characteristics 
(e.g., for staging small tumors, one test is best, but for large tumors another test is best). 

Regarding the procedural harms of imaging tests in the diagnosis and staging of pancreatic 
adenocarcinoma, the harms of concern are different for different tests. MDCT and PET/CT use 
radiation and therefore can cause cancer, but the size of the risk is not possible to estimate 
specifically when used for diagnosis/staging of pancreatic adenocarcinoma. EUS-FNA risks are 
due to the physical invasiveness of the procedure and primarily involve pancreatitis, 
postprocedural pain, and puncture/perforation/bleeding. Regarding patient tolerance, one study 
of screening found that about 10 percent of patients state that EUS-FNA and MRI are very 
uncomfortable. 

For screening, most people at high risk of developing pancreatic adenocarcinoma have 
negative results on pertinent imaging tests. Available studies do not correlate the results of a 
given imaging test to subsequent diagnoses, therefore one cannot determine the screening 
accuracy of any given imaging test. 
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Introduction 
Background 

Pancreatic Adenocarcinoma 
Pancreatic cancer is the fourth most common cause of cancer death among men and women 

in the United States.1,2 In 2013 in the United States, about 45,000 people will receive a diagnosis 
of pancreatic cancer and 38,000 will die of the disease.3 The median age at diagnosis is 71 years, 
the overall 5-year survival is 5.8 percent, and the overall age-adjusted mortality rate is 10.8 per 
100,000 people per year.4,33 The most common type of pancreatic cancer is adenocarcinoma 
(approximately 90 percent of all pancreatic malignancies).2 Based on rates from 2007 to 2009, 
the lifetime risk of receiving a diagnosis of pancreatic cancer is 1.47 percent.33 

Risk factors for pancreatic cancer include tobacco use; personal history of chronic 
pancreatitis, diabetes, obesity; and a family history of pancreatic cancer.1 About 10 percent of 
patients with pancreatic cancer have a positive family history for the disease.4 Pancreatic cancer 
incidence rates were reportedly highest among African-American men (21.3 per 100,000) and 
women (17.6 per 100,000) during 2004 and 2008.1 The second highest rates were reported for 
Caucasian men (16.8 per 100,000) and women (12.8 per 100,000).1 The differences between 
these populations and burden of disease may be related to higher rates of cigarette smoking and 
diabetes mellitus among African-American men than for Caucasian men and higher body mass 
indices among African-American women than for Caucasian women.1 

Diagnosis and Staging 
Patients often remain asymptomatic or have only nonspecific symptoms such as malaise, 

fatigue, and loss of appetite until relatively late in the course of the disease, often with extensive 
spread, when weight loss, jaundice, and severe abdominal pain often appear. Due to late 
diagnosis, approximately 80 percent to 85 percent of cases are unresectable (i.e., too advanced to 
permit surgical resection),5 and the median survival of patients with unresectable tumors is only 
6–10 months.6 

Common symptoms leading to suspicion of pancreatic cancer are jaundice, epigastric pain, 
and weight loss;34 however, these symptoms are not specific. For example, in one study of 70 
patients suspected of having pancreatic cancer, only 30 actually had pancreatic cancer; of the 
other 40, 16 had irritable bowel syndrome, 9 had other intra-abdominal cancers, 8 had 
pancreatitis, and 7 had other conditions.35 Thus, additional clinical information, including 
imaging tests, laboratory values, and biopsies, are important to differentiate these conditions 
from pancreatic cancer. 

For the patient, given the poor prognosis of most cases, the differences in modalities and the 
consequences of their use are important to understand. Also, elucidating patients’ experience and 
tolerance of various imaging modalities may help future patients weigh the benefits and harms of 
the tests, and allow them to incorporate their values and priorities. Once pancreatic 
adenocarcinoma is diagnosed, the stage of disease is a key determinant of clinical management, 
as well as a key predictor of survival. Most cases are diagnosed at an advanced stage, precluding 
surgical resection.1 For localized disease, the 5-year survival is approximately 22 percent.1 When 
pancreatic adenocarcinoma is diagnosed at an advanced stage, the 5-year survival is 
approximately 2 percent.1 
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The most commonly used system for staging pancreatic adenocarcinoma is the 2010 
American Joint Committee on Cancer (AJCC) system:36 

•	 Stage 0: carcinoma in situ, with neither lymph node involvement nor metastasis 
•	 Stage IA: a ≤2 cm tumor limited to the pancreas, with neither lymph node 

involvement nor metastasis 
•	 Stage IB: a >2 cm tumor limited to the pancreas, with neither lymph node 

involvement nor metastasis 
•	 Stage IIA: any size tumor that extends beyond the pancreas but does not involve 

either the celiac axis or the superior mesenteric artery (SMA), and with neither lymph 
node involvement nor metastasis 

•	 Stage IIB: the same as IIA, except the lymph nodes are involved 
•	 Stage III: any size tumor that involves the celiac axis or SMA, any lymph node status, 

and no metastases 
•	 Stage IV: any size tumor and any lymph node involvement, and metastasis 

An exact staging process before surgery (i.e., assigning the patient to stage I/II/III/IV) for 
pancreatic adenocarcinoma may not be performed, and the disease is often staged at surgery. For 
unresectable cases, however, a biopsy is taken and a formal stage is determined to guide the 
planning of treatments such as chemotherapy. 

Resectability 
Surgical resection offers the only hope of cure and is decided via multidisciplinary 

consultation (e.g., surgeon, gastroenterologist, radiologist, oncologist, radiation oncologist). The 
two key factors in assessment of resectability are distant metastasis (which usually indicates 
unresectability) and blood vessel involvement (which sometimes indicates unresectability, 
depending on the degree of involvement). The major blood vessels of focus are the superior 
mesenteric vein (SMV), portal vein, celiac artery, common hepatic artery, and SMA. According 
to the 2012 guideline from the National Comprehensive Cancer Network (NCCN) on pancreatic 
adenocarcinoma:37 

•	 A resectable tumor shows no involvement of either the SMV or portal vein and shows 
“clear fat planes” around the celiac axis, hepatic artery, and SMA, and there are no 
distant metastases. 

•	 An unresectable tumor has >180 degrees SMA encasement or any celiac abutment, or 
an unreconstructible SMV/portal vein occlusion, or any aortic invasion/encasement, 
or any distant metastases. 

•	 A “borderline” resectable tumor fits neither of the above two categories (e.g., some 
abutment of SMV/portal vein, <180 SMA abutment). For these cases, NCCN 
recommends biopsy and possible neoadjuvant chemotherapy, which may shrink the 
tumor and permit subsequent resection. 

These criteria continue to evolve, as surgical techniques advance and more tumors are 
resectable via reconstruction of blood vessels.7 

Regarding the interface between stage and resectability, AJCC and others state that stages I 
and II are resectable, but stages III and IV are not.36,38 However, others believe that minor 
arterial involvement (stage III) may still permit resection.7,39 Vincent et al. (2011)39 argued that 
some stage III cases are borderline resectable and may be appropriate targets for neoadjuvant 
therapy followed by resection. 
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Screening 
Screening for pancreatic adenocarcinoma is not recommended for the general population 

(e.g., the U.S. Preventive Services Task Force gives a D recommendation).40 However, some 
recommend screening those who are at high risk of developing pancreatic cancer. One report41 

suggested that having two or more first-degree relatives with pancreatic cancer is sufficient 
justification for considering a screening test (or 3 or more blood relatives, one of whom is a first-
degree relative). Further, some genetic risk factors (e.g., Peutz-Jeghers syndrome; BRCA2, 
PALB2, p16 gene mutations; Lynch syndrome) motivate testing when the patient also has had a 
first-degree relative with pancreatic cancer.41 

Imaging Technologies 

Multidetector Computed Tomography
A multidetector computed tomography (MDCT) scan is often the first imaging test in a 

patient whose symptoms suggest pancreatic adenocarcinoma. It provides three-dimensional 
multiplanar reconstruction images enabling determination of tumor size, extent, and spread, with 
a standardized pancreas protocol.8,9 The test does not always differentiate malignant from benign 
pancreatic lesions, and its ability to detect small tumors or small hepatic/peritoneal metastases is 
limited. A concern about MDCT is that the procedure exposes the patient to radiation and, 
therefore, may increase cancer risk. Also, the quality of the computed tomography (CT) protocol, 
as well as the experience and expertise of the radiologist reading the CT may influence the 
accuracy of MDCT for diagnosis and staging of pancreatic adenocarcinoma. The American 
College of Radiology (ACR) offers a voluntary accreditation program for CT facilities.42 

One notable type of MDCT is MDCT with angiography with or without 3D reconstruction.43 

This technology permits more precise imaging of blood vessels than other forms of MDCT. 
Given its importance, in our review, we will separate it from other forms of MDCT. 

The following sections describe other procedures and imaging tests to assist diagnosis and/or 
staging of pancreatic adenocarcinoma, including endoscopic ultrasound with fine-needle 
aspiration (EUS-FNA), positron emission tomography–computed tomography (PET/CT), and 
magnetic resonance imaging (MRI). The various available imaging modalities in the diagnosis 
and staging of pancreatic adenocarcinoma have different strengths and potential benefits, 
weaknesses and potential harms. At present, there does not appear to be universal standard of 
which imaging modalities should be used in which cases. This could be, in part, because of the 
difficulty of diagnosing and managing such an aggressive cancer, as well as limitations in the 
relevant evidence. It may also be related to the relative newness of some technologies (e.g., 
PET/CT). 

Endoscopic Ultrasound with Fine-Needle Aspiration
For EUS-FNA, a specialized ultrasound probe is introduced orally and advanced via 

endoscope through the upper gastrointestinal tract toward the pancreas. The probe’s proximity to 
the pancreas allows the ultrasound to access and image the entire pancreas, the related 
vasculature, and associated lymph nodes. The endoscopist can take a small aspiration (FNA) of 
any suspicious lesions, permitting cytologic evaluation. If the biopsy is adequate, EUS-FNA can 
distinguish benign from malignant lesions and characterize certain types of lesions (e.g., cystic 
pancreatic lesions).37 Reported disadvantages of EUS-FNA include the procedure’s invasiveness, 
dependence on the skill of the endoscopist, and inability to evaluate for distant metastases.9 The 
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relative newness of EUS-FNA could mean large variation in endoscopists’ technical skills. 
Potential patient harms related to EUS-FNA include perforation and bleeding, pancreatitis, and 
adverse effects related to sedation. ACR has instituted a voluntary general ultrasound 
accreditation program that offers facilities the opportunity for peer review of their staff 
qualifications, equipment, and quality control and quality assurance programs.44 

Magnetic Resonance Imaging
MRI is an alternative to MDCT as an initial imaging test for patients with a clinical suspicion 

of pancreatic adenocarcinoma or to evaluate the extent of disease. During an MRI procedure, 
electromagnetic fields and radiofrequency radiation translate hydrogen nuclei distribution in 
body tissues into images of anatomic structure. Similar to MDCT, a standardized pancreas 
protocol is available. MRI may be helpful when characterizing small (less than 1 cm) hepatic 
lesions, differentiating an inflammatory pancreatic mass from pancreatic adenocarcinoma, or 
detecting metastases to the liver.9 MRI can also be used as an adjunct to CT to better detect 
extrahepatic disease.45,46 There is no nationwide compulsory accreditation for MRI facilities. 
ACR administers a voluntary accreditation program.47 

Positron Emission Tomography–Computed Tomography
PET is a whole-body scan whose image highlights places where a radioisotope tracer 

concentrates and is, therefore, particularly useful for detecting distant metastases. The most 
commonly used radioisotope tracer is fluorodeoxyglucose 18F (FDG). FDG-PET can locate 
metabolically active sites such as malignant tumors or sites with inflammation and may, 
therefore, help distinguish malignant tumors from benign pancreatic cysts or other masses not 
metabolically active. FDG-PET and CT can be combined to add precise anatomic localization 
(from CT) to functional data (from PET). The two scans are acquired concurrently, and the data 
from each are merged. The Intersocietal Accreditation Commission (formerly the Intersocietal 
Commission for the Accreditation of Nuclear Medicine Laboratories [ICANL]) offers voluntary 
accreditation to PET/CT facilities based on a peer review of their staff qualifications, education, 
equipment, quality control, and volume of clinical procedures.48 

Objectives of This Review 
This review concerns imaging tests to identify and diagnose suspected pancreatic cancer and 

determine stage and surgical resectability of the disease.4,49 Pancreatic adenocarcinoma is fatal if 
untreated, so it is critical to choose the right imaging test and initiate therapy in a timely manner. 
A comparative effectiveness review (CER) on this topic can assist medical decisions in several 
ways. First, different imaging tests are believed to have utility in different circumstances (e.g., 
when suspicious of metastatic disease vs. localized disease) and a clear delineation of the 
relevant evidence would help guide clinicians and patients in choosing the most appropriate 
imaging test. Second, the evidence may favor some tests over others, and if so, resources can be 
devoted to the better tests. Third, it is important to clarify the practice of using a second imaging 
test: under what circumstances to order a second test, and if so, which test to order; and if 
ordered, what is its influence on diagnosis, staging, survival, and quality of life. Fourth, the 
comparative accuracy of imaging tests depends on the operator’s and reader’s skills and the 
environment in which the test is performed (e.g., high-volume vs. low-volume centers). 
Determining the extent to which this is important for various tests and can also help better guide 
clinicians and patients in the workup process. Fifth, harms are always a concern, and by 
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estimating the actual rates of various harms of different imaging tests, a CER can help 
discriminate reasonable fears from unreasonable ones. 

Scope and Key Questions 

Key Questions 
1.	 What is the comparative effectiveness of imaging techniques (e.g., MDCT angiography 

with or without 3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) for 
diagnosis of pancreatic adenocarcinoma in adults with suspicious symptoms? 
a.	 What is the accuracy of each imaging technique for diagnosis and assessment of
 

resectability?
 

b.	 What is the comparative accuracy of the different imaging techniques for diagnosis and 
assessment of resectability? 

c.	 What is the comparative diagnostic accuracy of using a single imaging technique versus 
using multiple imaging techniques? 

d.	 How is test experience (e.g., operative experience, assessor experience, center’s annual 
case volume) related to comparative diagnostic accuracy of the different imaging 
strategies? 

e.	 How are patient factors and tumor characteristics related to the comparative diagnostic 
accuracy of the different imaging strategies? 

f.	 What is the comparative clinical management after the different imaging strategies when 
used for diagnosis? 

g.	 What is the comparative impact of the different imaging strategies on long-term survival 
and quality of life when used for diagnosis? 

2.	 What is the comparative effectiveness of imaging techniques (e.g., MDCT angiography 
with or without 3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) for staging 
of pancreatic adenocarcinoma among adults with a diagnosis of pancreatic 
adenocarcinoma? 

a.	 What is the staging accuracy of each imaging technique (for tumor size, lymph node 
status, vessel involvement, metastases, stage I–IV, and resectability)? 

b.	 What is the comparative staging accuracy among the different imaging techniques? 
c.	 What is the comparative staging accuracy of using a single imaging technique versus 

using multiple imaging techniques? 
d.	 How is test experience (e.g., operative experience, assessor experience, center's annual 

volume) related to comparative staging accuracy of the different imaging strategies? 
e.	 How are patient factors and tumor characteristics related to the comparative staging 

accuracy of the different imaging strategies? 
f.	 What is the comparative clinical management of the different imaging strategies when 

used for staging? 
g.	 What is the comparative impact of the different imaging strategies on long-term survival 

and quality of life when used for staging? 

5
 



 

   

 
  

  
 

  
 

 
 

 
  

 
 

  
 

      
     

    
    

 
  

 

     
    

 
    

     
 

 

      
 

    
    

 
    

     
   

 
 

  
 

    
    

 

      
 

    
  

    
    

 
     

 
   

 
   

 

    
    

 

     
 

 

     
 

    
   

   

3.	 What are the rates of harms of imaging techniques (e.g., MDCT angiography with or without 
3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) when used to diagnose and/or 
stage pancreatic adenocarcinoma? 
a.	 How are patient factors related to the harms of different imaging techniques? 

b.	 What are patient perspectives on the tolerance of different imaging techniques and the 
balance of benefits and harms of different imaging techniques? 

4.	 What is the screening accuracy of imaging techniques (e.g., MDCT angiography with or 
without 3D reconstruction, other MDCT, EUS-FNA, PET/CT, MRI) for detecting precursor 
lesion(s) of pancreatic cancer or pancreatic adenocarcinoma in high-risk asymptomatic adults 
(i.e., those at genetic or familial risk of pancreatic adenocarcinoma)? 

PICOTS 
Table 1 below summarizes the PICO (Population, Interventions, Comparators, Outcomes) for 

each key question. In the table, population P1 is symptomatic patients being assessed for possible 
pancreatic adenocarcinoma; population P2 is adults with known pancreatic adenocarcinoma; 
population P3 is asymptomatic adults at high risk of developing pancreatic adenocarcinoma. 
Regarding timing, the only issue concerns the outcomes of long-term survival and quality of life; 
we defined “long-term” as 1 year or more. 

Table 1. PICOTS for each key question 
KQ Population Interventions Comparators Outcomes 
1a P1 MDCT angiography 

with or without 3D 
reconstruction, other 
MDCT, EUS-FNA, 
PET/CT, or MRI 

None Diagnostic accuracy as determined 
by surgical findings and/or clinical 
followup 
Accuracy of resectability judgment 

1b P1 Same list of 
interventions as for 
KQ1a 

Another test from the list of 
interventions as for KQ1a 

Diagnostic accuracy as determined 
by surgical findings and/or clinical 
followup 
Accuracy of resectability judgment 

1c P1 Single imaging test: 
Same list of 
interventions as for 
KQ1a 

Multiple tests from the list of 
interventions as for KQ1a 

Diagnostic accuracy as determined 
by surgical findings and/or clinical 
followup 

1d P1 One test: High vs. low 
experience 

Another test: High vs. 
Low experience 

Diagnostic accuracy as determined 
by surgical findings and/or clinical 
followup 

1e P1 Patient factors or 
tumor characteristics 

Comparator patient factor 
(e.g., age) or tumor 
characteristic (e.g., head or 
tail of pancreas) 

Diagnostic accuracy as determined 
by surgical findings and/or clinical 
followup 

1f P1 Same list of 
interventions as for 
KQ1a 

Same list of interventions as 
for KQ1a 

Clinical management (e.g., the 
percentage of patients in whom 
resection is attempted) 
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Table 1. PICOTS for each key question (continued) 
KQ Population Interventions Comparators Outcomes 
1g P1 Same list of 

interventions as for 
KQ1a 

Same list of interventions as 
for KQ1a 

Overall survival (minimum 1 year 
followup) 
Pancreatic adenocarcinoma-
specific survival (minimum 1 year 
followup) 
Quality of life (e.g., SF-36) 
(minimum 1 year followup) 

2a P2 Same list of 
interventions as for 
KQ1a 

None Staging accuracy as determined by 
surgical findings and/or clinical 
followup: 

• T stage 
• N stage 
• M stage 
• Stage I–IV 
• Vessel involvement 
• Resectability 

2b P2 Same list of 
interventions as for 
KQ1a 

Another test from the list of 
interventions as for KQ1a 

Staging accuracy as determined by 
surgical findings and/or clinical 
followup (same list as above) 

2c P2 Single imaging test: 
Same list of 
interventions as for 
KQ1a 

Multiple imaging tests: 
Same list of interventions as 
for KQ1a 

Staging accuracy as determined by 
surgical findings and/or clinical 
followup (same list as above) 

2d P2 One test: High vs. low 
experience 

Another test: High vs. 
Low experience 

Staging accuracy as determined by 
surgical findings and/or clinical 
followup (same list as above) 

2e P2 One test: Effect of 
patient factor or tumor 
characteristic 

Another test: Effect of 
patient factor or tumor 
characteristic 

Staging accuracy as determined by 
surgical findings and/or clinical 
followup (same list as above) 

2f P2 Same list of 
interventions as for 
KQ1a 

Same list of interventions as 
for KQ1a 

Clinical management (e.g., the 
percentage of patients in whom 
resection is attempted) 

2g P2 Same list of 
interventions as for 
KQ1a 

Same list of interventions as 
for KQ1a 

Overall survival (minimum 1 year 
followup) 
Pancreatic adenocarcinoma-
specific survival (minimum 1 year 
followup) 
Quality of life (e.g., SF-36) 
(minimum 1 year followup) 

3 P1 or P2 or 
P3 

Same list of 
interventions as for 
KQ1a 

None Radiation from MDCT (e.g., 
carcinogenic effects) 
Adverse reactions to contrast 
agents 
Adverse reaction to 
radiopharmaceuticals 
Pancreatitis from EUS-FNA 
Perforation or bleeding from EUS-
FNA. 
Sedation-related effects of EUS-
FNA (e.g., nausea, vomiting) 

3a P1 or P2 or 
P3 

Patient factor Comparator patient factor See above list of harms 

7
 



       

 

     
     

 
   

 
 

     

   
   

     
 

 

     
 

    
    

 
         

          
                   

               
        

        
    

   

  
 

   
  

 

 
 

 
 

 
  

 
 

Table 1. PICOTS for each key question (continued) 
KQ Population Interventions Comparators Outcomes 
3b P1 or P2 or 

P3 
Same list of 
interventions as for 
KQ1a 

Any Patient perspectives on imaging 
techniques, including tolerance, 
satisfaction, preference, and 
balance of benefits and harms 

4 P3 Same list of 
interventions as for 
KQ1a 

Same list of interventions as 
for KQ1a 

Screening accuracy as determined 
by surgical findings and/or clinical 
followup 

Note: Population P1 is symptomatic patients being assessed for possible pancreatic adenocarcinoma; population P2 is adults with 
known pancreatic adenocarcinoma; population P3 is asymptomatic adults at high risk of developing pancreatic adenocarcinoma. 
High risk encompasses those with either a genetic or familial risk such as having two or more first-degree relatives with 
pancreatic cancer; three or more blood relatives, one of whom is a first-degree relative; or in addition to having a first-degree 
relative with pancreatic cancer, having Peutz-Jeghers syndrome, Lynch syndrome, or BRCA2, PALB2, or p16 gene mutations. 
EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; KQ=key question; M=metastasis stage; MDCT=multidetector 
computed tomography; MRI=magnetic resonance imaging; N=nodal stage; PET/CT=combined position emission tomography 
and computed tomography; T=tumor stage 

Conceptual Framework 
An analytic framework illustrating the connections between the populations of interest, the 

imaging techniques, and the outcomes is shown in Figure 1 below. Populations that are 
undergoing or have undergone treatment for pancreatic adenocarcinoma are outside the scope of 
this report. 

The populations of interest enter the diagram at the left, undergo diagnosis (Key Question 1), 
staging (Key Question 2), and then commence treatment. Some outcomes such as test 
performance can be measured immediately after performing the tests, but the most important 
outcomes (such as long-term survival and quality of life) are measured after completion of 
treatment. 

An important factor in selecting an imaging modality is the availability and accessibility of 
that modality. Although this factor will not be addressed formally in the review via a key 
question, we plan to collect and provide relevant information about the availability and 
accessibility of imaging modalities and information about current patterns of care, as available. 
This information will be presented in the background and discussion sections to help place the 
evidence review findings in context. 
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Figure 1. Analytic framework 

Adults with 
symptoms 
suspicious of 
pancreatic 
adenocarcinoma 

Adults with known 
pancreatic 
adenocarcinoma 

Asymptomatic 
adults with familial 
or genetic risk of 
pancreatic 
adenocarcinoma 

4 Procedural harms from imaging 

Tumor-
related 

outcomes 

Diagnosis MDCT 
EUS-FNA 
PET-CT 
MRI 

3 

Procedural harms from treatment 

Staging 

1 

Quality of 
life 

Survival Treatment 

2 

Clinical 
manage-

ment 

1 

2 

1 2 

1 

2 

1 
.,            d.g eNote: Circled numbers,    e note Key Questions addressed by th     e systematic review. MDCT – Multidimensional 

computed tomography; EUS-FNA – Endoscopic ultrasound with fine needle aspiration; PET-CT – Simultaneous positron emission 

tomography and computed tomography; MRI – Magnetic resonance imaging 

Figure 1: This figure depicts the key questions within the context of the PICOTS below. In general, the figure illustrates how 
different types of patients (the three populations listed on the left) can undergo different imaging tests (large box), resulting in the 
intermediate outcomes of diagnostic accuracy, staging accuracy, and clinical management decisions. Treatment is intended to 
improve (if possible) the patient-oriented outcomes listed to the right: survival and quality of life. Also, procedural harms of the 
imaging procedures may occur. 

Organization of This Report 
In the remaining three chapters of this report, we present the methods for this systematic 

review, the results for each key question, and a discussion of the findings. Within the Results 
chapter, we provide the results of the literature searches and selection procedures, then the results 
for Key Question 1. 

For the comparative accuracy of imaging tests (KQ1b and KQ2b), each section is divided per 
comparison (e.g., first we present the evidence on MDCT vs. EUS-FNA, then the evidence on 
MDCT vs. MRI). Within each of those subsections, we consider different aspects of the clinical 
process (e.g., for staging, we first consider the evidence on T staging, then evidence on 
N staging). 

The Discussion section, which appears after all Results sections, provides an overview of our 
findings, and how they relate to what is already known. In that section we also discuss 
implications for clinical and policy decisionmaking, the applicability of the evidence, limitations 
of our review as well as limitations of the evidence we reviewed, and any major gaps in existing 
research. 
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Methods 
Search Strategy 

Medical librarians in the Evidence-based Practice Center (EPC) Information Center 
performed literature searches, following established systematic review protocols. We searched 
the following databases using controlled vocabulary and text words: EMBASE, MEDLINE, 
PubMed, and The Cochrane Library from 1980 through May 2013. The full search strategy is 
shown in Appendix A. 

Literature screening was performed in duplicate using the database Distiller SR (Evidence 
Partners, Ottawa, Canada). Initially, we screened literature search results in duplicate for 
relevancy. We screened relevant abstracts again, in duplicate, against the inclusion and exclusion 
criteria. Studies that appeared to meet the inclusion criteria were retrieved in full, and we 
screened them again, in duplicate, against the inclusion and exclusion criteria. All disagreements 
were resolved by consensus discussion among the two original screeners and, if necessary, an 
additional third screener. For procedural harms of imaging technologies of interest, we 
conducted a supplemental search that was not limited to the literature on pancreatic 
adenocarcinoma. 

The literature searches will be updated during the peer review process, before finalization of 
this comparative effectiveness review (CER). 

Study Selection
Our criteria are listed in five categories below: (1) publication criteria, (2) study design criteria, 
(3) patient criteria, (4) test criteria, and (5) data criteria. 
Publication criteria: 

a.	 Full-length articles: The article must have been published as a full-length peer-reviewed 
study. Abstracts and meeting presentations were not included because they do not include 
sufficient details about experimental methods to permit an evaluation of study design and 
conduct, and they may also contain only a subset of measured outcomes.10,11 In addition, 
it is not uncommon for abstracts that are published as part of conference proceedings to 
have inconsistencies when compared with the final publication of the study or to describe 
studies that are never published as full articles.12-16 

b.	 Redundancy: To avoid double-counting of patients, in instances in which several reports 
of the same or overlapping groups of patients were available, only outcome data based on 
the larger number of patients were included. However, we included data from 
publications with lower numbers of patients when either (a) a publication with lower 
patient enrollment reported an included outcome that was not reported by other 
publications of that study, or (b) a publication with lower patient enrollment reported 
longer followup data for an outcome. 

c.	 English language: Moher et al. (2000) have demonstrated that exclusion of non-English 
language studies from meta-analyses has little impact on the conclusions drawn.17 Juni et 
al. (2002) found that non-English studies typically were of higher risk of bias and that 
excluding them had little effect on effect-size estimates in the majority of meta-analyses 
they examined.18 Although we recognize that in some situations, exclusion of non-
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English studies could lead to bias, we believe that the few instances in which this may 
occur do not justify the time and cost typically necessary for translation of studies. 

d.	 Publication date: We included studies published since January 1, 2000. Older articles 
likely included outdated technologies. Studies of harms of imaging technologies that did 
not specifically involve pancreatic adenocarcinoma (i.e., any clinical indication), must 
have been published since January 1, 2009. 

Study Design Criteria: 
a.	 For key questions on single-test accuracy. For Key Questions 1a and 1b, which address 

the performance of a single imaging test against a reference standard, we included only 
systematic reviews. EPC guidance by White et al. (2009)19 states how existing systematic
reviews can be used to replace de novo processes in CERs. We will refer to the PICOTS-
SD for the pertinent subquestion, and these seven components (Populations, 
Interventions, Comparisons, Outcomes, Time points, Setting, Study design) will be the
seven inclusion criteria. For quality, see section D on risk of bias. 

b.	 For any key questions comparing two or more tests, the study must have compared both 
tests to a reference standard. The reference standard must not have been defined by either 
imaging test being assessed. 

c.	 For any key questions on single versus multiple tests, test experience, patient factors 
(e.g., age), or tumor characteristics (e.g., head or tail of pancreas), the study must have 
made a comparison of data to address the question. For example, for test experience, the 
difference between multidetector computed tomography (MDCT) and endoscopic 
ultrasound with fine-needle aspiration (EUS-FNA) may depend on the experience of the 
centers (e.g., higher case-volume centers may find less of a difference in these 
technologies than lower case-volume centers). 

d.	 For any key questions involving comparative clinical management or long-term survival 
or quality of life, some patients must have received one of the imaging tests, and a 
separate group of patients must have received a different imaging test. This design 
permits a comparison of how the choice of test may influence management and/or 
survival and/or quality of life. 

e.	 For Key Question 3 on the rates of procedural harms, we included any reported harms 
data based on 50 or more patients, in the context of diagnosis or staging of pancreatic 
adenocarcinoma, on the harms of imaging procedures that contained a statement in the 
Methods section that the study planned in advance to capture harms/complications data. 
Additionally, we included studies primarily of harms and adverse events associated with 
the use of each specific imaging modality, regardless of the type of cancer being detected, 
that were published in 2009 or later. 

f.	 For Key Question 3b on patient perspectives of imaging tests, any study design was 
accepted. 

g.	 For Key Question 4 on screening, we included any study that reported the performance of 
at least one included imaging test in the context of screening for either pancreatic 
adenocarcinoma itself or precursor lesions to pancreatic cancer. 

Patient criteria: 
a. To be included, the study must have reported data obtained from groups of patients in 

which at least 85 percent of the patients were from one of the patient populations of 
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interest. If a study reported multiple populations, it must have reported data separately for 
one or more of the populations of interest. 

b.	 Adults. At least 85 percent of patients must have been aged 18 years or older, or data
must have been reported separately for those aged 18 years or older. 

c.	 Studies of screening, diagnosing, or staging primary pancreatic adenocarcinoma were 
included. Testing for recurrent pancreatic cancer was excluded. 

d.	 Data on imaging tests performed after any form of treatment (e.g., neoadjuvant

chemotherapy) were excluded, but pretreatment imaging data were considered.
 

Test criteria: 
a.	 Type of test. Only studies of the imaging tests of interest were included (listed in the key 

questions above). Studies of computed tomography (CT) that did not explicitly state that
(or it could not be determined that) CT was MDCT were assumed to be MDCT. Given 
our publication date criterion of 2000 and later, we believe it safe to assume that CT
performed in such studies was MDCT. 

Data criteria: 
a.	 The study must have reported data pertaining to one of the outcomes of interest (see the

key questions section). 

•	 For accuracy outcomes (KQ1a through 1e; KQ2a through 2e, and KQ4), this means
reporting enough information for one to calculate both sensitivity and specificity, 
along with corresponding confidence intervals. 

•	 For clinical management (KQ1f, KQ2f), this means reporting the percentage of
patients who received a specific management strategy, after undergoing each imaging 
test (a separate group of patients corresponding to each imaging test). 

•	 For long-term survival (KQ1g, KQ2g), this means either reporting median survival
after each imaging test (separate groups of patients), or mortality rates at a given time 
point (separate groups of patients), or other patient survival such as a hazard ratio. 

•	 For quality of life (KQ1g, KQ2g), this means reporting data on a previously tested 
quality-of-life instrument (such as the SF-36) after each imaging test (separate groups
of patients). 

•	 For harms (KQ3), this means a statement appearing in the Methods section that
harms/complications would be measured, reporting the occurrence of a procedure-
related harm and the number of patients at risk, or the reporting that no harms or 
complications occurred as a result of the procedure. 

•	 For patient perspectives (KQ3b), this means reporting the results of asking patients
about their opinions or experience after having undergone one or more of the imaging 
tests. 

b.	 Regarding the minimum patient enrollment, for studies comparing imaging tests (KQ1b
through 1g and KQ2b through 2g), we required data on at least 10 patients per imaging 
test. We also used a minimum of 10 for Key Question 3b on patient perspectives of 
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imaging tests. We used a minimum of 50 patients for data on harms (KQ3) or screening 
(KQ4). 

c.	 For all key questions, the reported data must have included at least 50 percent of the
patients who had initially enrolled in the study. 

d.	 Studies that reported data by tumor (e.g., x percent of pancreatic adenocarcinoma tumors 
were correctly detected) instead of by patient (e.g., x percent of enrolled patients were 
correctly given a diagnosis of pancreatic adenocarcinoma) were not excluded for this
difference. However, the tumor-based data was separated from the patient-based data
because they measure different types of accuracy. 

Data Abstraction 
We abstracted information from the included studies using Microsoft Excel (Redmond, WA) 

and we extracted the data into these forms. Duplicate abstraction of comparative accuracy data 
was used to ensure accuracy. All discrepancies were resolved by consensus discussion. Elements 
to be abstracted included general study characteristics (e.g., country, setting, study design, 
enrolled N), patient characteristics (e.g., age, sex, comorbidities), details of the imaging 
methodology (e.g., radiotracer, timing of test), risk-of-bias items, and outcome data. 

Risk of Bias Evaluation 
For systematic reviews of single-test accuracy, EPC guidance by White et al. (2009)19 

suggests that EPCs assess the quality of an existing systematic review by using a revised 
AMSTAR (Assessment of Multiple Systematic Reviews) instrument. The items we used for this 
appear in Table D-2 of Appendix D. For each included review, two analysts independently 
answered 15 items and independently assigned the review as either low risk of bias, or 
moderate/high risk of bias. Discrepancies in the category assignment were resolved by 
consensus. A review was considered low risk of bias if it met eight specific items (see Appendix 
D). 

For studies comparing two or more tests, we used a set of nine risk-of-bias items after 
considering the QUADAS-2, as well as additional issues that specifically address bias in the 
comparison of diagnostic tests (see Table D-3 of Appendix D). 

Strength of Evidence Grading 
We used the EPC system for grading evidence on diagnostic tests as described in the EPC 

guidance chapter by Singh et al. (2012).21 This system uses up to eight domains as inputs (risk of 
bias, directness, consistency, precision, publication bias, dose-response association, all plausible 
confounders would reduce the effect, strength of association). The output is a rating of the 
strength of evidence: high, moderate, low, or insufficient. This rating is made separately for each 
outcome of each comparison of each key question. Definitions for these categories is provided in 
Table 2 below. 
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Table 2. Strength of evidence grades and definitions 
Grade Definition 

High We are very confident that the estimate of effect lies close to the true effect for this 
outcome. The body of evidence has few or no deficiencies. We believe that the findings are 
stable, i.e., another study would not change the conclusions. 

Moderate We are moderately confident that the estimate of effect lies close to the true effect for this 
outcome. The body of evidence has some deficiencies. We believe that the findings are likely to 
be stable, but some doubt remains. 

Low We have limited confidence that the estimate of effect lies close to the true effect for this 
outcome. The body of evidence has major or numerous deficiencies (or both). We believe that 
additional evidence is needed before concluding either that the findings are stable or that the 
estimate of effect is close to the true effect. 

Insufficient We have no evidence, we are unable to estimate an effect, or we have no confidence in the 
estimate of effect for this outcome. No evidence is available or the body of evidence has 
unacceptable deficiencies, precluding reaching a conclusion. 

Source: Singh et al. (2012).21 

The EPC system requires that reviewers select only the most important outcomes of a review 
to be graded. For this report, we graded evidence on comparative accuracy for diagnosis and 
staging, clinical outcomes (clinical management, survival, quality of life), and screening 
accuracy. 

For each comparison and each outcome, we determined whether the evidence permitted an 
evidence-based conclusion. For comparative test accuracy, this meant whether the evidence was 
sufficient to permit one of the following three types of conclusions: (1) test A is more accurate 
than test B, (2) test B is more accurate than test A, or (3) tests A and B are similarly accurate. 
The first two types of conclusions required a statistically significant difference for either 
sensitivity or specificity (or both), whereas the third type of conclusion require a non-
statistically–significant difference for both sensitivity and specificity, as well as independent 
judgments from two reviewers that the data were precise enough to indicate approximate 
equivalence. If none of these three conclusions were appropriate, we rated the evidence 
insufficient. If the evidence was sufficient to permit a conclusion, then the rating was high, 
moderate, or low. The rating was provided by two independent raters, and discrepancies were 
resolved by consensus. Below, we discuss the eight domains and how they were considered: 

Risk of bias (see the section Risk of Bias Evaluation above). If the evidence permitted a 
conclusion, then all else being equal, a set of studies at low risk of bias yielded a higher strength 
of evidence rating than a set of studies at moderate or high risk of bias. 

Directness. For questions on test accuracy, data on accuracy directly addressed the question, 
so those data were considered Direct. For question on other outcomes (e.g., long-term survival), 
data on the actual outcomes were necessary for inclusion and to be judged Direct. 

Consistency. For questions comparing the accuracy of two or more tests, and for other 
comparative questions, consistency was judged based on whether the studies’ findings suggested 
the same direction of effect. 

Precision. For questions comparing the accuracy of two or more tests, and for other 
comparative questions, the evidence was considered sufficiently precise if the data showed a 
statistically significant difference (between groups or between tests) or if the data demonstrated 
approximate equivalence. 

Publication bias. This was addressed by noting the presence of abstracts or 
ClinicalTrials.gov entries describing studies that did not subsequently appear as full published 
articles. If many such studies exist, this will tend to decrease the strength of the evidence. We 
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also considered the funding source of studies, and any appropriate quantitative analyses 
correlating study effect sizes to the end of patient enrollment dates. 

Dose-response association. This domain was relevant only with respect to the radiation dose 
for CT. One possibility is that higher doses result in higher accuracy of CT. If the evidence 
shows that CT is more accurate than another imaging technique and that the difference is even 
larger in studies that used higher CT doses, it would generally increase the strength of evidence. 

All plausible confounders would reduce the effect. This domain means that a set of studies 
may be biased against finding a difference between two interventions, and yet the studies still 
found an important difference. Thus, if the studies had controlled for the confounders, the effect 
would have been even larger. This domain was considered when statistical differences were 
found. 

Strength of association. This domain was judged by EPC team members based on whether 
the size of a difference (e.g., the extent of difference in accuracy between two tests) was so large 
that the potential study biases could not explain it. If true, this domain will generally increase the 
rating of strength of evidence. This domain was considered when statistical differences were 
found. 

Applicability 
The applicability of the evidence involved four key aspects: patients, tests/interventions, 

comparisons, and settings. In considering the applicability of the findings to patients, we 
consulted large studies to ascertain the typical characteristics of patients newly given a diagnosis 
of pancreatic adenocarcinoma (e.g., age, sex) and then assess whether the included studies 
enrolled similar patients. Some aspects of interventions may also affect applicability, for 
example if a study uses an uncommonly used radiotracer. Settings of care were described, and if 
data permitted, subgroups of studies by setting were analyzed separately. 

Data Analysis and Synthesis 
For comparing the accuracy of imaging tests, we synthesized the evidence on sensitivity and 

specificity using meta-analysis wherever appropriate and possible. Decisions about whether 
meta-analysis was appropriate were based on the judged clinical homogeneity of the different 
study populations, imaging and treatment protocols, and outcomes. Statistical heterogeneity was 
measured using tau-squared. When meta-analysis was not possible (because of limitations of 
reported data) or was judged to be inappropriate, the data were synthesized using a descriptive 
approach. 

For each pair of imaging tests compared directly by a group of studies (e.g., MDCT and 
EUS-FNA) for a given clinical purpose (e.g., diagnosis), we performed bivariate meta-analysis 
of each test’s accuracy data using the “metandi” command in STATA.23 If this model could not 
be fit for a given test (i.e., if there were three or fewer studies in the analysis, or the model did 
not converge), we used Meta-Disc (freeware developed by the Unit of Clinical Biostatistics, 
Ramón y Cajal Hospital, Madrid, Spain).24 Using the meta-analytic results, we used equation 39 
in Trikalinos et al. (2013)25 to compare the tests statistically (separately for sensitivity and 
specificity). For these tests, we set p=0.05 (two-tailed) as the threshold for statistical 
significance. If a comparison was not statistically significant, two reviewers independently 
judged whether the confidence interval around the difference was sufficiently narrow to permit a 
conclusion of approximate equivalence; disagreements were resolved by consensus. When 
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studies reported accuracy data for multiple readers separately, we first selected the data from 
reader 1 only, and performed sensitivity analyses of selecting all other permutations of readers. 

Some data were reported in terms of whether the precise T stage (or the overall TNM) was 
correctly assessed by an imaging test. For these studies, we computed the relative risk of 
accuracy staging, and compared imaging tests statistically using standard methods. 

Peer Review and Publication 
The review protocol was posted on August 9, 2013 at 

http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-
reports/?productid=1620&pageaction=displayproduct. Peer reviewers are invited to provide 
written comments on the draft report based on their clinical, content, or methodologic expertise. 
Peer review comments on the preliminary draft of the report are considered by the EPC in 
preparation of the final draft of the report. The dispositions of the peer review comments are 
documented and will be published 3 months after the publication of the Evidence report. 
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Results
 

Introduction 
In this chapter, we describe the results of the literature searches, and then present the results 

for each key question. 
A list of acronyms and abbreviations is available following the list of references for this 

report, along with a glossary of selected terms. The Appendixes include Appendix A, Search 
Strategy; Appendix B, Full-length Review of Excluded Studies; Appendix C, Evidence Tables; 
and Appendix D, Analyses and Risk of Bias Assessments. 

Results of Literature Searches 
We summarize the study selection process in Figure 2 below. The literature searches 

identified 8,834 citations, and after duplicate review, we excluded 8,189 of them. The most 
common reason for exclusion was that the article did not involve diagnosis, staging, screening, 
or harms. We retrieved the other 645 articles in full, and after duplicate review, we excluded 526 
of those. The most common reason was that the study reported data on only a single imaging test 
of interest and did not meet inclusion criteria for other key questions. See Appendix B for a list 
of the publications excluded at the full article level. We included the remaining 119 publications, 
which described 112 unique studies/reviews (seven publications reported overlapping patients). 
Of the 112, 10 were systematic reviews and 102 were studies. 

We sent scientific information packet (SIP) letters and emails to the 11 identified relevant 
industry stakeholders requesting submission of published and unpublished information on their 
product(s). Additionally, a U.S. Federal Register notice was posted on August 27, 2013, 
requesting scientific information submissions (https://federalregister.gov/a/2013-20849). Two 
responses were subsequently received, and both responses indicated that the sender did not know 
of any pertinent studies. 

Evidence tables in Appendix C provide all information that we abstracted from systematic 
reviews (KQ1a, and KQ2a), comparative accuracy studies (the rest of KQ1 and KQ2), harms 
studies (KQ3), and screening studies (KQ4). For the latter three sets of studies, we provide 
separate tables for general study information (e.g., country, enrollment dates, funding source), 
patient information (e.g., enrollment criteria, age, sex, diagnoses), imaging test information 
(e.g., test parameters, radioactive tracer[s] used, needles used for FNA), and pertinent data. Our 
quantitative analyses of comparative accuracy are summarized in Appendix D, along with the 
risk-of-bias assessments. 
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Figure 2. Literature flow diagram 

8,834 publications 
identified 

Abstracts screened 

645 Full articles 
retrieved 

Full articles 
reviewed 

526 excluded 
235: Only a single imaging test of interest, and did not meet criteria 
for harms/screening/patient perspectives 
77: Just a meeting abstract 
49: No data specific to an imaging test of interest 
43: Narrative review 
25: Other 
15: Only a single imaging test of interest, and N<50 
14: No outcomes of interest 
14: News/opinion/editorial 
14: Not pancreatic adenocarcinoma 
13: Non-English 
12: No comparative specificity data 
10: Duplicate 
5: Harms not specific to pancreatic cancer, pre-2009 119 publications (112 

unique studies/reviews) 
included 

8,189 excluded 
1700: Not screening or diagnosis or staging or harms-of-imaging 
1526: Not pancreatic adenocarcinma 
841: Primary focus on endocrine pancreatic cancer 
752: Not an imaging test 
633: Primary focus on pancreatic cysts or cystic lesions 
629: Other (such as case reports) 
611: Narrative review 
362: Pre 2000 
331: Duplicate 
254: Animals/in vitro/phantom 
237: No data specific to an imaging test of interest 
121: Only a single imaging test of interest, and N<50 
78: Guideline or news/opinion/editorial 
71: Non-English 
43: Just a meeting abstract 

KQ1a (single test accuracy: diagnosis, or resectability in those not staged): 9 reviews 
KQ1b (comparative accuracy: diagnosis, or resectability in those not staged): 18 studies 
KQ1c-g (other ways to compare tests: diagnosis, and resectability in those not staged): 0 

KQ2a (single test accuracy: staging, or resectability in those staged): 1 review 
KQ2b (comparative accuracy: staging, or resectability in those staged): 12 studies 
KQ2c-g (other ways to compare tests: staging, or resectability in those staged): 0 

KQ3 (rates of harms): 72 studies 
KQ3a (patient factors influencing rates of harms): 0 
KQ3b (patient tolerance of imaging procedures): 1 

KQ4 (screening accuracy): 6 

Note: the numbers in the box above add to more than 112 because some studies/reviews 
addressed multiple Key Questions. 
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Test Performance of Imaging Modalities for Diagnosis 

Key Question 1: What is the comparative effectiveness of imaging 
techniques (e.g., multidetector computed tomography [MDCT] angiography 
with or without 3D reconstruction, other MDCT, endoscopic ultrasound with 
fine-needle aspiration [EUS-FNA], positron emission tomography– 
computed tomography [PET/CT], magnetic resonance imaging [MRI]) for 
diagnosis of pancreatic adenocarcinoma in adults with suspicious 
symptoms? 

Key Question 1a. What is the accuracy of each imaging technique for 
diagnosis and assessment of resectability? 

Key Points 
•	 Evidence was insufficient to permit accuracy estimates for MDCT angiography with 

or without 3D reconstruction. 
•	 For diagnosis using MDCT, one systematic review yielded a sensitivity estimate of 

91 percent (95 percent confidence interval [CI], 86 percent to 94 percent) and a 
specificity estimate of 85 percent (95 percent CI, 76 percent to 91 percent). 

•	 For diagnosis using EUS-FNA, three high-quality and recent systematic reviews 
yielded sensitivity estimates ranging from 83 percent to 92 percent and specificity 
estimates ranging from 95 percent to 100 percent. 

•	 For diagnosis using MRI, three systematic reviews yielded sensitivity estimates of 
84 percent to 85 percent and specificity estimates of 82 percent to 91 percent. 

•	 For diagnosis using PET/CT, two systematic reviews yielded sensitivity estimates of 
87 percent and 90 percent and specificity estimates of 83 percent and 90 percent. 

•	 For MDCT, in assessing the resectability of tumors in patients with unstaged disease, 
one systematic review yielded a sensitivity estimate of 81 percent (95 percent CI, 76 
percent to 85 percent) and a specificity estimate of 82 percent (95 percent CI, 77 
percent to 97 percent). 

•	 For MRI, in assessing the resectability tumors in patients with unstaged disease, one 
systematic review yielded a sensitivity estimate of 82 percent (95 percent CI, 69 
percent to 91 percent) and a specificity estimate of 78 percent (95 percent CI, 63 
percent to 87 percent). 

Detailed Synthesis 
Nine systematic reviews met the inclusion criteria for this question, of which three were both 

recent (published 2009 or later) and of high quality (meeting all eight of the quality criteria 
deemed most important). All of the reviews are described in Evidence Table C-1, and their 
quality assessment is in Evidence Table C-2, both of Appendix C. The three recent high-quality 
reviews included only evidence on EUS-FNA and not on any of the other diagnostic modalities. 

Diagnosis 
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For EUS-FNA in diagnosing pancreatic cancer, the three recent high-quality reviews26-28 

reported summary sensitivity results ranging from 85 percent to 93 percent and summary 
specificity results ranging from 94 percent to 100 percent (Evidence Table C-3 of Appendix C). 
A threshold effect was apparent, as the reviews reporting the highest specificities were also the 
ones reporting the lowest sensitivities. A threshold effect was also seen within Madhoun’s 
review,26 as FNA with a 25-gauge needle resulted in higher sensitivity and lower specificity than 
FNA with a 22-gauge needle. The difference in sensitivity was statistically significant; the 
difference in specificity was not. 

CT was addressed in only one review,29 which was deemed not of high quality. It also is 
outdated, having been published in 2005. 

MRI was addressed in three reviews,29-31 none of which were high quality. Two of the 
reviews30,31 were published by the same group of authors in different journals the same year. 
Study inclusion criteria in the two reviews were identical except for means of obtaining the 
reference diagnosis (histopathologic analysis only in one review,30 histopathologic analysis or 
clinical and imaging followup in the other31). All of the MRI studies included in the former 
review were also included in the latter. The reviews agreed on MRI sensitivity, with meta-
analysis results ranging from 84 percent to 86 percent, but differed on specificity, with the two 
reviews from one group reporting 91 percent specificity and the other review reporting 82 
percent. The most recent data in the third review29 is now 10 years old, and thus it does not 
reflect the current state of the art in MRI. 

PET/CT was addressed in two reviews,30,32 neither of which were high quality. The review 
by Wu et al. (2012)30 reported an erroneous confidence interval on sensitivity (82 percent to 81 
percent), which is likely a typographical error. We attempted to contact the authors to obtain the 
correct confidence interval, but received no response. 

Results across all modalities are summarized in Table 3. The low quality of all the reviews 
on CT, MRI, and PET/CT limit the confidence one can have in the quantitative estimates of 
accuracy. 

Resectability 
The only review that included resectability as an outcome was outdated, of low quality, and 

analyzed only CT and magnetic resonance imaging (MRI) studies (Table 4). It found a 
statistically insignificant difference in sensitivity favoring MRI and a statistically insignificant 
difference in specificity favoring CT (Table C-3 of Appendix C). Because of the low quality of 
the review and the large confidence intervals on the authors’ summary estimates, we conclude 
that the evidence is inadequate to prove any difference in effectiveness between CT and MRI. 

Table 3. Key Question 1a: summary results of systematic reviews on diagnosis 
Modality MDCT EUS-FNA MRI PET/CT 
Number of reviews 1 3 3 (2 mostly 

duplicative of each 
other) 

2 

Quality of reviews Low High Low Low 
Most recent review 2005 2013 2012 2012 
Range of results Sensitivity: 

91 percent 
Specificity: 
85 percent 

Sensitivity: 
85 percent to 
93 percent 
Specificity: 
94 percent to 
100 percent 

Sensitivity: 
84 percent to 
86 percent 
Specificity: 
82 percent to 
91 percent 

Sensitivity: 
87 percent to 
90 percent 
Specificity: 
80 percent to 
83 percent 
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EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; MDCT=multidetector computed tomography; MRI=magnetic 
resonance imaging; PET/CT=combined position emission tomography and computed tomography 
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Table 4. Key Question 1a: summary results of systematic reviews on resectability 
Modality MDCT EUS-FNA MRI PET/CT 
Number of reviews 1 0 1 0 
Quality of reviews Low — Low — 
Most recent review 2005 — 2005 — 
Range of results Sensitivity: 

81 percent 
Specificity: 
82 percent 

— Sensitivity: 
82 percent 
Specificity: 
78 percent 

— 

EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; MDCT=multidetector computed tomography; MRI=magnetic 
resonance imaging; PET/CT=combined position emission tomography and computed tomography 

Comparative Test Performance of Imaging Modalities for 
Diagnosis 

Key Question 1b. What is the comparative accuracy of the different 
imaging techniques for diagnosis and assessment of resectability? 

Key Points 
•	 MDCT and EUS-FNA are approximately equally accurate in the assessment of 

resectability of pancreatic adenocarcinoma in unstaged symptomatic adults (Strength 
of evidence: low) 

•	 MDCT and MRI are approximately equally accurate in the diagnosis of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: moderate) 

•	 PET/CT is more accurate than MDCT in the diagnosis of pancreatic adenocarcinoma 
in symptomatic adults (Strength of evidence: low) 

•	 For all other test comparisons involving diagnosis and the assessment of resectability 
in patients with unstaged disease, we deemed the evidence insufficient to permit 
conclusions, and the most common reason for insufficiency was imprecision. 

Detailed Synthesis 
Twenty-four studies met inclusion criteria for Key Question 1b or Key Question 2b on 

comparative accuracy for staging (or met criteria for both Key Question 1b and Key Question 
2b). General study characteristics, patient characteristics, and test details appear in Appendix C. 
Ten of the 24 were conducted in Europe, 6 in the United States, 4 in Japan, and 4 in other 
countries. Nineteen of the 24 studies were conducted at universities. For the 19 studies reporting 
the dates of patient enrollment, the starting dates ranged from October 1995 to September 2008, 
and the median length of the patient enrollment period was 2 years (range 7 months to 5 years). 
Fifteen studies were prospective, and the other nine were retrospective. Eleven studies reported 
either the study funding source or whether there existed conflicts of interest (or both). Among 
these 11 studies, 6 specifically declared that authors had no conflicts of interest; 3 provided the 
funding source(s) but did not mention conflicts of interest; 2 reported that the authors had 
potential conflicts of interest. For these latter two— 

•	 One study50 comparing EUS-FNA to MDCT was authored by individuals receiving grant 
money from the American Society of Gastrointestinal Endoscopy, however, the authors 
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stated that “the funding sources had no role in the collection, analysis, or interpretation of 
the data or in the decision to submit the manuscript for publication.” 

•	 The other study,43 comparing MDCT angiography with versus without 3D reconstruction 
stated: “There has been no industry or pharmaceutical support.” One of the authors had 
developed and patented the 3D reconstruction software being assessed. 

The remainder of this section is divided into subsections based on the comparisons made by 
included studies (listed in Table 5 below). 

Table 5. Key Question 1b: numbers of studies comparing different tests for diagnosis and 
resectability in patients with unstaged disease 

Comparison Number of Studies of 
Diagnosis 

Number of Studies of 
Resectability in those 
with disease not staged 

MDCT angiography with 3D reconstruction vs. 
MDCT angiography without 3D reconstruction 

0 1 

MDCT vs. EUS-FNA 3 1 
MDCT vs. MRI 7 2 
MDCT vs. PET/CT 6 0 
EUS-FNA vs. PET/CT 1 0 
MRI vs. PET/CT 1 0 
EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; MDCT=multidetector computed tomography; MRI=magnetic 
resonance imaging; PET/CT=combined position emission tomography and computed tomography 

MDCT Angiography With 3D Reconstruction Versus Without 3D 
Reconstruction 

One study43 addressed this comparison, and the study reported comparative accuracy in 
assessing resectability among patients with unstaged disease. The study was judged as low risk 
of bias. However, the study was authored by the developers of the 3D reconstruction software 
under consideration. We performed a statistical comparison of the sensitivity of MDCT without 
3D reconstruction (89 percent; 95 percent CI, 68 percent to 97 percent) to the sensitivity of 
MDCT with 3D reconstruction (100 percent; 95 percent CI, 83 percent to 100 percent), and 
found no statistically significant difference, and we judged the evidence too imprecise to permit 
a conclusion. However, for detecting resectability, MDCT with 3D reconstruction (100 percent; 
95 percent CI, 91 percent to 100 percent) was more accurate than MDCT without 3D 
reconstruction (79 percent; 95 percent CI, 64 percent to 89 percent); the rate differences were 
statistically significant. This means that, among patients whose disease was truly resectable, 
MDCT with 3D reconstruction identified a greater percentage as resectable than did MDCT 
without 3D reconstruction. However, the potential for reporting bias (the authors may have 
published the article only because results favored their technology) and unknown consistency 
(i.e., there was only one study of this comparison) mean the evidence is insufficient to permit a 
general conclusion about comparative accuracy. 

MDCT Versus EUS-FNA 
Three studies compared these technologies with respect to diagnostic accuracy. Two were 

judged as moderate risk-of-bias, and one was judged as low risk of bias. We performed a meta-
analysis of the three studies and found summary sensitivities for MDCT and EUS-FNA of 
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87 percent (95 percent CI, 82 percent to 91 percent) and 89 percent (95 percent CI, 85 percent to 
93 percent), respectively, and we found summary specificities of 67 percent (95 percent CI, 
53 percent to 78 percent) and 81 percent (95 percent CI, 68 percent to 90 percent). This evidence 
suggests a slight advantage of EUS-FNA, however statistical tests reveal no statistically 
significant differences, and we judged the evidence as too imprecise to permit a conclusion of 
approximate equivalence (particularly notable was the uncertainty around specificities). Thus, we 
drew no conclusion. 

One study compared MDCT and EUS-FNA for the assessment of resectability in those with 
disease not staged. The study was judged to have low risk of bias, and it found similar accuracy 
for the two technologies (truly unresectable patients were correctly deemed unresectable at rates 
of 64 percent and 68 percent for MDCT and EUS-FNA, respectively; and patients with truly 
resectable disease were correctly deemed resectable at rates of 92 percent and 88 percent for 
MDCT and EUS-FNA, respectively). We judged the study to be sufficiently precise to permit a 
conclusion of approximate equivalence. However, consistency was unknown, which limits the 
confidence one can have in the conclusion. Based on the study’s prevalence of 53 percent, the 
results can be interpreted as follows: those whose disease is deemed unresectable by either 
MDCT or EUS-FNA have about an 88 percent chance of their disease actually being 
unresectable, and those whose disease is deemed resectable by either test have about a 70 percent 
chance of their disease actually being resectable. 

MDCT Versus MRI 
Seven studies compared MDCT and MRI with respect to diagnostic accuracy. Four were low 

risk of bias, and three were moderate risk of bias. Our meta-analysis found summary sensitivities 
of 89 percent for both technologies (95 percent CIs of 82 percent to 94 percent for MDCT and 81 
percent to 91 percent for MRI), and summary specificities of 90 percent for MDCT (95 percent 
CI, 80 percent to 95 percent) and 89 percent for MRI (95 percent CI, 74 percent to 95 percent). 
These data we judged sufficiently precise to indicate approximate equivalence. Plots in receiver 
operating characteristic (ROC) space appear in Figure 3 below. These plots show the similarity 
in accuracy between MDCT and MRI, with the filled squares in the same location of the plot, 
and the dashed area of 95 percent confidence slightly larger for MRI but with similar shapes and 
locations. The heterogeneity was lower for MDCT than EUS-FNA, and also was generally lower 
for sensitivity than specificity (tau=0.47 and 0.8 for MDCT sensitivity and MDCT specificity, 
respectively, as compared to tau=0.6 and 1.1 for EUS-FNA sensitivity and EUS-FNA specificity, 
respectively.) 

To aid interpretation, we provide estimates for both positive predictive value (PPV) and 
negative predictive value (NPV). The median prevalence in the six studies was 53 percent, and 
based on that prevalence, we estimate a PPV of 90 percent and an NPV of 88 percent. This 
means that a patient with a positive test result (on either MDCT or MRI) has approximately a 
90 percent chance of having pancreatic adenocarcinoma, whereas a patient with a negative test 
result (on either MDCT or MRI) has only a 12 percent chance of having pancreatic 
adenocarcinoma. 
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Figure 3. ROC plot of diagnostic accuracy, MDCT versus MRI 
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The left side of the plot shows the MDCT data in receiver operating characteristic (ROC) space; the right side shows the MRI data in ROC space. Each study contributed one circle 
to each side of the plot. The filled square shows the summary estimate, and the dashed region shows the 95 percent confidence interval range around the summary estimate. 
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We also performed 35 sensitivity analyses of this meta-analysis (Appendix E). Four of the 
seven studies reported data for multiple readers separately; the above analysis used only reader 
#1 from these four studies. The sensitivity analysis all found very similar results regardless of 
which permutation of readers we used (see all estimates in Appendix E). 

For the above meta-analysis of seven studies, we considered the possibility of publication 
bias in a quantitative manner. We measured the correlation between the end date of patient 
recruitment and the difference in logit sensitivities. To enable this, we needed the end month of 
patient recruitment for all seven studies, but only five reported this information, so we assumed 
that the end of enrollment had occurred 2.3 years before the study publication month (2.3 years 
was the average for all studies). This correlation of seven studies’ results did not reveal a 
convincing trend. The results for sensitivity showed an association (R2=0.78) suggesting that 
later studies favored MRI over MDCT for diagnosis, but examination of the graph suggested that 
the finding was being driven by a single study (the year-2000 study), and when it was removed, 
the R2 for the remaining six studies reduced to 0.26. For specificity, no correlation was apparent 
(R2=0.11). 

Two studies compared MDCT and MRI for the assessment of resectability in patients with 
disease not staged; both were judged low risk of bias. Our meta-analysis of the two studies 
yielded summary sensitivities for MDCT and MRI of 68 percent (95 percent CI, 47 percent to 85 
percent) and 52 percent (95 percent CI, 31 percent to 72 percent), respectively, and we found 
summary specificities of 89 percent (95 percent CI, 77 percent to 96 percent) and 91 percent (95 
percent CI, 80 percent to 97 percent). These suggest no clear direction of effect (statistical tests 
not significant), and we judged the data too imprecise to indicate equivalence, thus we drew no 
conclusion. 

MDCT Versus PET/CT
Six studies compared MDCT and PET/CT with respect to diagnostic accuracy. Two were 

low risk of bias, and four were moderate risk of bias. Our meta-analysis found summary 
sensitivities of 85 percent (95 percent CI, 80 percent to 90 percent) for MDCT and 91 percent 
(95 percent CI, 85 percent to 94 percent) for PET/CT, and summary specificities of 55 percent 
for MDCT (95 percent CI, 44 percent to 66 percent) and 72 percent for PET/CT (95 percent CI, 
61 percent to 81 percent). Statistical tests showed no clear difference for sensitivity, but also no 
statistical difference for either sensitivity or specificity. 

Plots in ROC space appear in Figure 4 below. These plots show large uncertainty around 
specificity estimates (horizontal ovals), and this uncertainty explains why the apparent specificity 
difference (55 percent for MDCT vs. 72 percent for PET/CT) was not statistically significant. 
The general uncertainty was mostly due to the heterogeneity among different studies (rather than 
small sample sizes), with tau values of logit specificity of 0.75 for MDCT and 1.09 for PET/CT. 
The corresponding heterogeneity values for sensitivity (0.38 for MDCT and 0.21 for PET/CT) 
indicate higher consistency among study results for detecting pancreatic adenocarcinoma. 
Overall, given the wide uncertainty (caused by inconsistency among study results, particularly in 
the ability of these tests to rule out pancreatic adenocarcinoma), we drew no conclusion about 
this comparison. 
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Figure 4. ROC plot of diagnostic accuracy, MDCT versus PET/CT 
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The left side of the plot shows the MDCT data in receiver operating characteristic (ROC) space; the right side shows the PET/CT data in ROC space. Each study contributed one 
point to each side of the plot. The filled square shows the summary estimate, and the dashed region shows the 95 percent confidence interval range around the summary estimate. 

27
 



 

 
 

 
 

   
   

   
             

            
               

  
 

   
   

     
                

             
            

 
   

 

    
  

 
 

  
  

         
         

 
     

    
   

          
  

        
   

       
         

 
    

       

For the above meta-analysis of six studies, we considered the possibility of publication bias 
in a quantitative manner. We measured the correlation between the end date of patient 
recruitment and the difference in logit sensitivities. This correlation did not reveal any trend 
(R2=0.03 for both sensitivity and specificity). 

EUS-FNA Versus PET/CT
One study51 compared EUS-FNA and PET/CT with respect to diagnostic accuracy; we 

judged its risk of bias as moderate. Results statistically favored neither technology for either 
sensitivity (EUS-FNA, 81 percent; 95 percent CI, 62 percent to 91 percent; vs. PET/CT, 89 
percent; 95 percent CI, 72 percent to 96 percent) or specificity (EUS-FNA, 84 percent; 95 
percent CI, 62 percent to 94 percent, vs. PET/CT, 74 percent; 95 percent CI, 51 percent to 88 
percent). Furthermore, we judged the evidence too imprecise to conclude approximate 
equivalence. Thus, no conclusion is warranted. 

MRI Versus PET/CT
One study52 compared MRI and PET/CT with respect to diagnostic accuracy; we judged its 

risk of bias as low. Results statistically favored neither technology for either sensitivity (MRI, 85 
percent; with 95 percent CI, 64 percent to 95 percent; vs. PET/CT, 85 percent; 95 percent CI, 64 
percent to 95 percent) or specificity (MRI, 72 percent; 95 percent CI, 49 percent to 87 percent; 
vs. PET/CT, 94 percent; 95 percent CI, 74 percent to 99 percent). Furthermore, we judged the 
evidence too imprecise to conclude approximate equivalence. Thus, no conclusion is warranted. 

For other subquestions under Key Question 1(c through g), no included studies reported 
pertinent data. 

Conclusions for Key Question 1 
For single-test accuracy of diagnosis and resectability in patients with unstaged disease, we 

included nine systematic reviews, and drew the following conclusions: 
•	 Evidence was insufficient to permit accuracy estimates for MDCT angiography with or 

without 3D reconstruction. 
•	 For diagnosis using MDCT, one systematic review yielded a sensitivity estimate of 

91 percent (95 percent CI, 86 percent to 94 percent) and a specificity estimate of 
85 percent (95 percent CI, 76 percent to 91 percent). 

•	 For diagnosis using EUS-FNA, three high-quality and recent systematic reviews yielded 
sensitivity estimates ranging from 83 percent to 92 percent and specificity estimates 
ranging from 95 percent to 100 percent. 

•	 For diagnosis using MRI, three systematic reviews yielded sensitivity estimates of 
84 percent to 85 percent and specificity estimates of 82 percent to 91 percent. 

•	 For diagnosis using PET/CT, two systematic reviews yielded sensitivity estimates of 
87 percent and 90 percent and specificity estimates of 83 percent and 90 percent. 

•	 For MDCT, in assessing the resectability tumors in patients with unstaged disease, one 
systematic review yielded a sensitivity estimate of 81 percent (95 percent CI, 76 percent 
to 85 percent) and a specificity estimate of 82 percent (95 percent CI, 77 percent to 97 
percent). 

•	 For MRI, in assessing the resectability of tumors in patients with unstaged disease, one 
systematic review yielded a sensitivity estimate of 82 percent (95 percent CI, 69 percent 
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to 91 percent) and a specificity estimate of 78 percent (95 percent CI, 63 percent to 87 
percent). 

For comparative test accuracy of diagnosis and resectability in patients with unstaged 
disease, our assessments of the evidence are summarized in Table 6 below. Of the eight sets of 
evidence listed in the table, we deemed five insufficient to permit conclusions because of 
imprecision. A fifth was insufficient because of the existence of only a single study and the 
possibility of publication bias. The other two rows represent our conclusions for Key Question 
1b: 

•	 MDCT and EUS-FNA are approximately equally accurate in the assessment of 
resectability of pancreatic adenocarcinoma in symptomatic adults with unstaged disease 
(Strength of evidence: low) 

•	 MDCT and MRI are approximately equally accurate in the diagnosis of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: moderate) 
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Table 6. Summary of evidence on Key Question 1b 

Comparison 
Clinical 
Decision # Studies Risk of Bias Directness Consistency Precision 

Publication 
Bias 

Strength 
of 
Evidence Conclusion 

MDCT 
angiography 
without 3D 
reconstruction 
vs. with 3D 
reconstruction 

Resectability in 
those with 
unstaged 
disease 

143 Low Direct Unknown Precise Yes Insufficient NA 

MDCT vs. 
EUS-FNA 

Diagnosis 350,53,54 2 Moderate, 
1 Low 

Direct Inconsistent Imprecise No Insufficient NA 

MDCT vs. 
EUS-FNA 

Resectability in 
those not staged 

150 Low Direct Unknown Precise No Low Approximate 
equivalence 

MDCT vs. MRI Diagnosis 755-61 4 Low, 
3 Moderate 

Direct Consistent Precise No Moderate Approximate 
equivalence 

MDCT vs. MRI Resectability in 
those not staged 

258,62 Low Direct Consistent Imprecise No Insufficient NA 

MDCT vs. 
PET/CT 

Diagnosis 659,63-67 4 Moderate, 
2 Low 

Direct Consistent Imprecise No Insufficient NA 

EUS-FNA vs. 
PET/CT 

Diagnosis 151 Moderate Direct Unknown Imprecise No Insufficient NA 

MRI vs. PET/CT Diagnosis 159 Low Direct Unknown Imprecise No Insufficient NA 
EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; MDCT=multidetector computed tomography; MRI=magnetic resonance imaging; NA=not applicable; 
PET/CT=positron emission tomography 
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Test Performance of Imaging Modalities for Staging 

Key Question 2: What is the comparative effectiveness of imaging 
techniques (e.g., MDCT angiography with or without 3D reconstruction, 
other MDCT, EUS-FNA, PET/CT, MRI) for staging of pancreatic 
adenocarcinoma among adults with a diagnosis of pancreatic 
adenocarcinoma? 

Key Question 2a. What is the staging accuracy of each imaging 
technique (for tumor size, lymph node status, vessel involvement, 
metastases, stage I–IV, and resectability)? 

Key Points 
•	 One low-quality systematic review published in 2009 addressed this question, and 

assessed the accuracy of CT in assessing vascular involvement. 
•	 When the review considered only studies published since 2004, the review estimated 

the sensitivity and specificity of CT to be 85 percent (95 percent CI, 78 percent to 91 
percent) and 82 percent (95 percent CI, 74 percent to 88 percent), respectively. 

Detailed Synthesis 
Only one systematic review26 addressed this question (Table C-4 of Appendix C). It is a low-

quality review (risk-of-bias assessment in Table D-2 of Appendix D) of CT studies that included 
studies that used single-slice CT scanners. Rather than using the TNM system of staging, it 
examined only the question of whether the primary tumor had invaded surrounding vasculature. 
The authors reported summary results for both the total of studies included and for the subset of 
studies published between 2004 and 2008, most of which used multi-slice CT. Sensitivity was 
considerably higher for the later studies than for the rest (Table C-4 of Appendix C), with no 
corresponding loss of specificity. 

Comparative Test Performance of Imaging Modalities for 
Staging 

Key Question 1b.What is the comparative staging accuracy of the 
different imaging techniques? 

Key Points 
•	 EUS-FNA is more accurate than MDCT in the assessment of the T stage of pancreatic 

adenocarcinoma in symptomatic adults (Strength of evidence: low) 
•	 MDCT and MRI are approximately equally accurate in the assessment of the vessel 

involvement of pancreatic adenocarcinoma in symptomatic adults (Strength of evidence: 
moderate) 

•	 PET/CT is more accurate than MDCT in the assessment of metastases of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: moderate) 
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•	 For all other test comparisons involving staging and the assessment of resectability in 
patients with staged disease, we deemed the evidence insufficient to permit conclusions, 
and the most common reason for insufficiency was imprecision. 

Detailed Synthesis 
For an overview of the studies included for comparative accuracy, including study locations 

and patient characteristics, see the section above entitled “Comparative Test Performance of 
Imaging Modalities for Diagnosis.” This section is divided into subsections based on the 
comparisons made by included studies (listed in Table 7 below). 

Table 7. Key Question 2b: numbers of studies comparing different tests for staging and 
resectability in staged patients 

Comparison 

Number of 
Studies of 
T Staging 

Number of 
Studies of 
N Staging 

Number of 
Studies of 
M Staging 

Number of 
Studies of 
Precise 
Stage 

Number of 
Studies of 
Vessel 
Involvement 

Number of 
Studies of 
Resectability 
in Those 
Staged 

MDCT vs. EUS-FNA 1 0 0 0 1 0 
MDCT vs. MRI 1 1 5 1 2 1 
MDCT vs. PET/CT 0 1 2 0 0 0 
EUS-FNA vs. MRI 0 0 0 1 0 0 
MRI vs. PET/CT 0 0 1 0 0 0 
EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; M=metastasis; MDCT=multidetector computed tomography; 
MRI=magnetic resonance imaging; N=nodal; PET/CT=positron emission tomography–computed tomography; T=tumor 

MDCT Versus EUS-FNA 
One study compared MDCT and EUS-FNA with respect to T staging. Authors reported the 

data as the percentages of patients whose disease was accurately staged (41 percent by MDCT, 
vs. 67 percent by EUS-FNA), the percentage whose disease was overstaged (14 percent by 
MDCT, 18 percent by EUS-FNA), and the percentage whose disease was understaged (44 
percent by MDCT, and 14 percent by EUS-FNA). We computed the relative risk of accurate 
staging as 0.61 (95 percent CI, 0.41 to 0.90), which statistically favors EUS-FNA. However, 
consistency was unknown, which limits the confidence one can have in the conclusion. 

One study compared MDCT with EUS-FNA for the assessment of vessel involvement. 
Results statistically favored neither technology for either sensitivity (MDCT 56 percent; 
95 percent CI, 34 percent to 75 percent; vs. EUS-FNA, 61 percent; 95 percent CI, 39 percent to 
80 percent) or specificity (MDCT, 94 percent; 95 percent CI, 80 percent to 98 percent; vs, EUS-
FNA, 91 percent; 95 percent CI, 76 percent to 97 percent). Furthermore, we judged the evidence 
too imprecise to conclude approximate equivalence. Thus, no conclusion is warranted. 

MDCT Versus MRI 
One study compared MDCT and MRI with respect to T staging. MDCT yielded an accurate 

T stage on 73 percent, whereas MRI yielded an accurate staged in 62 percent. The resulting 
relative risk is 1.17 (95 percent CI, 0.90 to 1.52), and this result is neither statistically significant 
nor indicative of equivalence, so we did not draw conclusions. 

One study compared these technologies with respect to N staging. Results statistically 
favored neither technology for either sensitivity (MDCT, 38 percent; 95 percent CI, 21 percent to 
57 percent; vs. MRI, 15 percent; 95 percent CI, 5 percent to 36 percent) or specificity (MDCT, 
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79 percent; 95 percent CI, 63 percent to 90 percent; vs. MRI, 93 percent; 95 percent CI, 78 
percent to 98 percent). Furthermore, we judged the evidence too imprecise to conclude 
approximate equivalence. Thus, no conclusion is warranted. 

Five studies compared these technologies with respect to the assessment of metastases. Our 
meta-analysis yielded sensitivity estimates of 48 percent (95 percent CI, 31 percent to 66 
percent) and 50 percent (95 percent CI, 19 percent to 81 percent) for MDCT and MRI, 
respectively. For specificity, the meta-analytic estimates were 90 percent (95 percent CI, 81 
percent to 95 percent) and 95 percent (95 percent CI 91 percent to 98 percent) for MDCT and 
MRI, respectively. The comparisons were not statistically significant and we judged them as too 
imprecise to indicate equivalence, thus we drew no conclusion. 

Plots in ROC space appear in Figure 5 below. The wide variability in sensitivity is shown 
graphically by the vertically shaped ovals, and the generally high specificity is shown by the fact 
that the ovals are on the left side of the ROC plot. Heterogeneity was low for MDCT (tau 0.50 
for sensitivity and 0.53 for specificity) and MRI specificity (tau 0.14), but large for MRI 
sensitivity (tau 1.03). This latter value was caused by the five studies’ sensitivity estimates 
encompassing most of the 0 percent to 100 percent scale (sensitivities of MRI of 87 percent, 73 
percent, 57 percent, 30 percent, and 0 percent in the five studies). 

33
 



 

            
 

 

 

 
                        

     

 

 

  

 

 

  

 

Study estimate Summary point

HSROC curve 95% confidence
region

95% prediction
region

Study estimate Summary point

HSROC curve 95% confidence
region

95% prediction
region

Figure 5. ROC plot of the accuracy of assessment of metastases, MDCT versus MRI 
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The left side of the plot shows the MDCT data in receiver operating characteristic (ROC) space; the right side shows the PET/CT data in ROC space. Each study contributed one 
point to each side of the plot. 
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We also performed two sensitivity analyses of this meta-analysis (Appendix E). One of the 
five studies had reported data for three readers separately; the above analysis used only reader #1 
from that study. The sensitivity analysis all found very similar results regardless of which reader 
we used (see all estimates in Appendix E). 

For the above meta-analysis of five studies, we considered the possibility of publication bias 
in a quantitative manner. We measured the correlation between the end date of patient 
recruitment and the difference in logit sensitivities. To enable this, we needed the end month of 
patient recruitment for all five studies, but only four reported this information, so we assumed 
that the end of enrollment had occurred 2.3 years before the study publication month (2.3 was the 
average for all studies). This correlation of five studies’ results did not reveal a convincing trend. 
The results for sensitivity showed an association (R2=0.58) suggesting that later studies favored 
MRI over MDCT for assessing metastases, but examination of the graph suggested that the 
finding was being driven by a single study (the year-2004 study), and when it was removed, the 
R2 for the remaining six studies reduced to 0.17. For specificity, no correlation was apparent 
(R2=0.16). 

One study compared MDCT and MRI for the assessment of precise stage. MDCT was 
accurate in 46 percent and MRI was accurate in 36 percent, resulting in a relative risk of 1.28 
(95 percent CI, 0.81 to 2.01). We judged these data too imprecise to indicate equivalence. 

Two studies compared these technologies for the assessment of vessel involvement (both low 
risk of bias). The meta-analysis found similar accuracy (sensitivity 68 percent for MDCT with 95 
percent CI, 55 percent to 79 percent; and 62 percent for MRI with 95 percent CI, 48 percent to 
74 percent; specificity 97 percent for MDCT with 95 percent CI, 94 percent to 98 percent; and 
96 percent for MRI with 95 percent CI 93 percent to 98 percent). We judged this as sufficient 
evidence for concluding equivalent accuracy. Given the median prevalence of 13 percent, we 
estimate that a positive test result (on either MDCT or MRI) indicates a 73 percent chance of 
vessel involvement, whereas a negative test result (on either test) indicates only a 5 percent 
chance. 

One study compared these technologies for the assessment of resectability in those with 
staged disease. Results statistically favored neither technology for either sensitivity (MDCT, 67 
percent with 95 percent CI, 48 percent to 81 percent; vs. MRI, 57 percent with 95 percent CI, 37 
percent to 74 percent) or specificity (MDCT, 97 percent with 95 percent CI, 84 percent to 99 
percent; vs. MRI, 90 percent with 95 percent CI, 74 percent to 96 percent). Furthermore, we 
judged the evidence too imprecise to conclude approximate equivalence. Thus, no conclusion is 
warranted. 

MDCT Versus PET/CT
One study compared MDCT and PET/CT with respect to N staging. Study results suggested 

approximate equivalence: 
• MDCT sensitivity, 26 percent; 95 percent CI, 14 percent to 43 percent 
• PET/CT sensitivity, 32 percent; 95 percent CI, 19 percent to 50 percent 
• MDCT specificity, 75 percent; 95 percent CI, 50 percent to 90 percent 
• PET/CT specificity, 75 percent; 95 percent CI, 50 percent to 90 percent 
However, because it was only a single study, and it was at moderate risk of bias, we drew no 

conclusions. 
Two studies compared these technologies with respect to the assessment of metastases. Our 

meta-analysis yielded summary sensitivities of 57 percent (95 percent CI, 36 percent to 75 

35
 



 

        
        

        
    

  
      

    
 

  
     

    
      
      

   
  

    
   

     
 

   
     

 
           

            
                 

 
 

  
 

     
  
 

               
  

 
   

  
     

 
   

  

percent) and 67 percent (95 percent CI, 47 percent to 83 percent) for MDCT and PET/CT, 
respectively, and the summary specificities were 91 percent (95 percent CI 81 percent to 97 
percent) and 100 percent (95 percent CI 95 percent to 100 percent) for MDCT and PET/CT, 
respectively. The difference in specificity was statistically significant in favor of PET/CT. The 
sensitivities were not statistically significant different; however, they were in the same direction. 
One of the two studies was moderate risk of bias, and the other was low risk of bias, and we 
judged their results as consistent. Taken together, the evidence permits a conclusion that PET/CT 
is more accurate than MDCT in the assessment of metastases. 

To help interpret the data, we note that the two studies had a median prevalence of 
metastases of 39 percent, and at this prevalence, a positive MDCT scan indicates an 80 percent 
chance of actually having metastases, whereas a positive PET/CT scan indicates a 100 percent 
chance. A negative MDCT scan indicates a 23 percent of having metastases, whereas a negative 
PET/CT scan indicates a 17 percent chance of having metastases. 

EUS-FNA Versus MRI 
One study compared EUS-FNA and MRI for the assessment of precise stage. EUS-FNA 

provided an accurate stage in 71 percent of patients (34/48), whereas MRI did so in 75 percent 
(36/48). The relative risk was 0.94 (95 percent CI, 0.74 to 1.21), which is sufficiently precise to 
indicate equivalence. However, it was only a single, moderate risk-of-bias study; thus, we drew 
no conclusions. 

MRI Versus PET/CT
One study compared MRI and PET/CT with respect to the assessment of metastases. One 

study compared these technologies with respect to N staging. Results statistically favored neither 
technology for either sensitivity (MDCT, 57 percent; 95 percent CI, 25 percent to 84 percent; vs. 
PET/CT, 86 percent; 95 percent CI, 48 percent to 97 percent) or specificity (MDCT, 86 percent; 
95 percent CI, 48 percent to 97 percent; vs. PET/CT, 94 percent; 95 percent CI, 64 percent to 100 
percent). Furthermore, we judged the evidence too imprecise to conclude approximate 
equivalence. Thus, no conclusion is warranted. 

For other subquestions under Key Question 2 (c through g), no included studies reported 
pertinent data. 

Conclusions for Key Question 2 
For single-test accuracy of staging and resectability in patients with staged disease, we 

included one low-quality systematic review published in 2009 that addressed this question, and 
assessed the accuracy of CT in assessing vascular involvement. When the review considered 
only studies published since 2004, the review estimated the sensitivity and specificity of CT to 
be 85 percent (95 percent CI, 78 percent to 91 percent) and 82 percent (95 percent CI, 74 percent 
to 88 percent), respectively. 

For comparative test accuracy of staging and resectability in patients with staged disease, our 
assessments of the evidence are summarized in Table 8 below. Of the 12 sets of evidence listed 
in the table, we deemed seven insufficient to permit conclusions due to imprecision. Two others 
were insufficient because of the existence of only a single study and a moderate risk of bias. The 
other three rows represent our conclusions for Key Question 2b: 

•	 EUS-FNA is more accurate than MDCT in the assessment of the T stage of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: low) 
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•	 MDCT and MRI are approximately equally accurate in the assessment of the vessel 
involvement of pancreatic adenocarcinoma in symptomatic adults (Strength of 
evidence: moderate) 

•	 PET/CT is more accurate than MDCT in the assessment of metastases of pancreatic 
adenocarcinoma in symptomatic adults (Strength of evidence: moderate) 
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Table 8. Summary of evidence on Key Question 2b 

Comparison 
Clinical 
Decision # Studies Risk of Bias Directness Consistency Precision 

Publica-
tion Bias 

Strength of 
Evidence Conclusion 

MDCT vs. 
EUS-FNA 

T staging 150 Low Direct Unknown Precise No Low Evidence 
favors 
EUS-FNA 

MDCT vs. 
EUS-FNA 

Vessel 
involvement 

168 Moderate Direct Unknown Imprecise No Insufficient NA 

MDCT vs. MRI T staging 169 Low Direct Unknown Imprecise No Insufficient NA 
MDCT vs. MRI N staging 169 Low Direct Unknown Imprecise No Insufficient NA 
MDCT vs. MRI Metastases 557,59,69-71 4 Low, 

1 Moderate 
Direct Inconsistent Imprecise No Insufficient NA 

MDCT vs. MRI Precise stage 169 Low Direct Unknown Imprecise No Insufficient NA 
MDCT vs. MRI Vessel 

involvement 
258,62 Low Direct Consistent Precise No Moderate Approximate 

equivalence 
MDCT vs. MRI Resectability 

in those 
staged 

169 Low Direct Unknown Imprecise No Insufficient NA 

MDCT vs. 
PET/CT 

N staging 167 Moderate Direct Unknown Precise No Insufficient NA 

MDCT vs. 
PET/CT 

Metastases 259,72 1 Moderate, 
1 Low 

Direct Consistent Precise No Moderate Evidence 
favors 
PET/CT 

EUS-FNA vs. 
MRI 

Precise stage 173 Moderate Direct Unknown Precise No Insufficient NA 

MRI vs. 
PET/CT 

Metastases 159 Low Direct Unknown Imprecise No Insufficient NA 

EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; M=metastasis; MDCT=multidetector computed tomography; MRI=magnetic resonance imaging; N=nodal; 
NA=not applicable; PET/CT=positron emission tomography–computed tomography; T=tumor 
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Harms of Imaging Modalities 

Key Question 3: What are the rates of harms of imaging techniques 
(e.g., MDCT angiography with or without 3D reconstruction, other MDCT, 
EUS-FNA, PET/CT, MRI) when used to diagnose and/or stage pancreatic 
adenocarcinoma? 

Key Points 
•	 Procedural harms were reported in many EUS-FNA imaging studies, but not in many 

studies of the other imaging technologies. 
•	 The most commonly reported procedural harms of EUS-FNA were pancreatitis (with 

rates ranging from 0 percent to 2.4 percent), postprocedural pain (0.1 percent to 
2.0 percent), and bleeding/puncture/perforation (0 percent to 4.3 percent). 

Detailed Synthesis 
We included 72 studies for this KQ. Forty-four described harms due to imaging tests for the 

diagnosis/staging of pancreatic cancer and were published in the year 2000 or later, and the other 
28 were not specific to pancreatic cancer and were published in the year 2009 or later. Pancreas-
specific studies were published from 1991 to 2011, and studies evaluated as few as 50 patients74 

or as many as 1,034 patients.75 One study by Eloubeidi et al. (2004)76 contacted 27 EUS training 
centers in the United States to request information regarding total number of EUS-FNAs of solid 
pancreatic masses performed, the duration of time over which these procedures were performed, 
and cases of pancreatitis. Authors reported that patient-specific information was not provided, 
but self-reported episodes of acute pancreatitis were provided.76 Settings included university 
hospitals, tertiary care medical centers, and cancer centers. Most studies enrolled patients 
suspected of pancreatic adenocarcinoma or patients with solid pancreatic lesions. The percentage 
of female patients ranged from 29 percent to 83 percent. Nonpancreas-specific studies were 
published from 2009 to 2013; one integrated retrospective analysis included trials conducted as 
early as 1993.77 Studies evaluated as few as 1 patient or as many as 106,000 patients.78 Settings 
included outpatient radiology centers, university hospitals, tertiary care medical centers, and 
cancer centers. 

Below, the procedural harms data are discussed in separate sections for each imaging 
technology. Each technology’s section is further divided into studies in which the imaging test 
was used specifically in the diagnosis and staging of pancreatic adenocarcinoma (“Harms studies 
specific to pancreatic cancer”), and other studies in which the imaging test was used for other 
purposes (“Recent harms studies not specific to pancreatic cancer”). 

MDCT 

Harms Studies Specific to Pancreatic Cancer 
Two MDCT studies reported adverse events.54,79 Sakamoto et al. (2008)79 enrolled 119 

patients suspected of having a pancreatic solid tumor because of abdominal screening findings 
on EUS or CT. The percentage of female patients was 39 percent and the mean age was 68.7 
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years. The study was conducted in Japan at Kink University from March 2002 to August 2006. 
Three patients experienced an allergic eruption to the contrast agent (100 mL Optiray 320). 

Agarwal et al. (2004)54 enrolled patients with primary pancreatic neoplasm undergoing distal 
pancreatectomy, and had no previous pancreatic resection or metastatic neoplasm. A total of 179 
patients were included and 114 were female patients. The mean age was 61 years, with a range 
of 19–86 years. The study was conducted in the United States at a cancer center between 
November 2000 and November 2001. Eighty-one of the enrolled patients underwent MDCT and 
two patients experienced post procedural abdominal pain that completely subsided within 24 
hours. The reported harms rate was 2.5 percent (2/81). 

Recent Harms Studies Not Specific to Pancreatic Cancer 
CT-related adverse events (range 0.13 percent to 61.5 percent [all moderate]) were evaluated 

in more than 180,497 patients in 12 studies.78,80-90 Most studies evaluated CT, however three 
studies evaluated CT and CT angiography82,83,88 and two studies evaluated CT coronary 
angiography.87,89 Eight studies included at-risk patients.80,81,83-87,89 

Non-ionic contrast agents, introduced in the 1970s, have a lower osmolarity than blood and 
are therefore less likely to cause adverse reactions.90 Non-ionic contrast agents evaluated 
included iopromide,78,80,83,90 iomeprol,80,81,90 iohexol,80,81,88 iopamidol,81,82,87,89,90 iodixanol,80,89 

and ioversol.81,85,90 

One study retrospectively reviewed extravasation (an inadvertent leakage of fluid from an 
intravenous site into the surrounding soft tissue) and allergic-like reactions from 24,826 
injections (12,142 previously warmed) of intravenous (IV) iopamidol in CT and CT angiography 
examinations.82 The authors indicated that extrinsic warming (to 37 °C) appeared to affect 
adverse event rates for iopamidol 370 (8 events [warming] vs. 26 events [no warming]) but did 
not affect rates for iopamidol 300 (74 events [warming] vs. 69 events [no warming]). 

Another study reported delayed adverse reactions from iohexol (N=258) compared with 
controls (N=281).88 Delayed adverse reactions are typically defined as occurring 1 hour or more 
after administration of a contrast medium.88 Loh et al. reported statistically significantly more 
delayed adverse reactions (e.g., skin rashes, itching, headache) occurred with contrast-enhanced 
CT compared with controls. Kingston et al. (2012)83 focused on rates of extravasation in 26,854 
patients. Results indicated that the “presence of cancer, hypertension, smoking and recent 
surgery was associated with higher extravasation rates.” Extravasations most commonly 
occurred at the elbow (71.4 percent). 

Cadwaller et al. (2011)86 reported results from 198 scans of at-risk patients to determine the 
risk of fatal cancer induction. Forty-one (20.7 percent) scans did not alter case management of 
the patient and were thus deemed as unnecessarily exposing patients to CT radiation. According 
to the National Cancer Institute, the extra risk of one person to develop a fatal cancer from a CT 
procedure is about 1 in 2,000.91 

Two studies reported only mild-to-moderate harms;80,89 two studies included at-risk 
patients.80,89 Six studies however reported serious/severe adverse events;78,81,84,85,87,90 five (42 
percent) studies enrolled at-risk patients.81,84,85,87,90 Two studies reported 15 deaths within 45 
days84 after CT. Mitchell et al. (2012)84 enrolled 633 patients; 174 undergoing computed 
tomography pulmonary angiography (CTPA) to exclude pulmonary embolism and 459 patients 
who did not undergo CTPA (non-CTPA). Study groups were similar for presumptive risk factors 
for contrast-induced nephropathy (CIN), such as anemia, diabetes mellitus, and history of 
hypertension and baseline renal insufficiency; however, significantly more CTPA patients had 
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vascular disease (15 percent vs. 8 percent) and congestive heart failure (12 percent vs. 5 percent). 
Seventy patients (11 percent) developed CIN; slightly more CTPA than non-CTPA patients (14 
percent vs. 10 percent). All-cause 45-day mortality rate was slightly higher in CTPA patients (3 
percent vs. 2 percent) with 15 deaths during this time. Three patients with CTPA went into 
severe renal failure, with two ultimately dying. The authors indicated that the “development of 
CIN was associated with an increased risk of death from any cause (relative risk = 12, 95 percent 
CI 3 to 53).” 

Kobayashi et al. (2013)81 reported 23 (0.06 percent) severe reactions including shock, 
hypotension, desaturation, and airway obstruction in a retrospective cohort study of 36,472 
patients. Patients received various nonionic low-osmolar contrast agents; approximately half of 
the study population was diabetic (19.5 percent) or hypertensive (28.6 percent). Vogl et al. 
(2012)85 reported anaphylactoid adverse reactions requiring hospitalization in 4 (0.03 percent) 
patients receiving ioversol. Of the 10,836 patients enrolled at 72 centers in Germany, more than 
5,000 had 1–7 concomitant diseases, including diabetes mellitus and renal insufficiency. Jung et 
al (2102)90 focused on cutaneous adverse reactions in 47,388 patients receiving various nonionic 
monomers such as iomeprol. Severe reactions such as severe generalized urticaria and facial 
edema occurred in 16 patients. The three remaining studies reported shortness of breath (5 
patients)78 and one case of atrial fibrillation (patient on peritoneal dialysis),87 See Appendix C for 
details on CT-related adverse events in these studies. 

EUS-FNA 

Harms Studies Specific to Pancreatic Cancer 
The four most commonly reported harms of EUS-FNA were pancreatitis, pain, and 

perforation/puncture/bleeding. Thirteen studies reported that there were no harms or 
complications resulting from EUS-FNA procedures.74,92-103 

Twenty-one studies reported pancreatitis as an adverse event.75,76,92,101,104-121 The number of 
patients at risk of pancreatitis ranged from 24 to 4,909, and the mean age range was 57–68.2 
years. The range of rates reported for pancreatitis was 0 percent to 2.4 percent. Thirteen studies 
indicated patients experienced mild or acute pancreatitis,76,104-107,109,112-115,117,118,120 two studies 
reported moderate pancreatitis,75,110 and one study reported severe pancreatitis.75 Seven did not 
specify whether pancreatitis was mild/acute, moderate, or severe.101,107,108,111,116,119,121 Table 9 
below provides further details. 

Table 9. Rates of pancreatitis after EUS-FNA 
Study Pancreatitis Details Rate of Harm 

Ikezawa et al. 2012104 Mild pancreatitis treated conservatively 1.8% (1/56) 
Siddiqui et al. 2012105 Mild acute pancreatitis (resolved within 1 day) 0.3% (2/677) 
Beane et al. 2011106 Acute pancreatitis requiring hospital admission and conservative 

treatment 
1.1% (2/179) 

Fisher et al. 2011119 Pancreatitis 2.4% (4/170) 
Iglesias-Garcia et al. 
2011118 

Mild acute pancreatitis, requiring hospitalization for 4–5 days 1.1% (2/182) 

Kopelman et al. 2011107 Any morbidity other than mild pancreatitis 0% (0/102) 

Mild pancreatitis resolved spontaneously 1% (1/102) 
Carrara et al. 201075 Moderate acute pancreatitis 0.1% (1/1034) 

Severe acute pancreatitis 0.1% (1/1034) 
Chang et al. 2009121 "Clinical" pancreatitis (did not define "clinical") 0% (0/139) 
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Study Pancreatitis Details Rate of Harm 

Fisher et al. 2009108 Pancreatitis 0% (0/93) 
Yusuf et al. 2009120 Mild pancreatitis 1.3% (11/842) 
Eloubeidi et al. 2007109,122-

126 
Major complication: acute pancreatitis 0.9% (5/547) 

Mahnke et al. 2006110 Moderate pancreatitis 0.3% (1/310) 
Bournet et al. 2006111 Pancreatitis 0.4% (1/224) 
Mortensen et al. 2005112 Acute pancreatitis 0.1% (1/670) 
Ryozawa et al. 2005101 Pancreatitis 0% (0/52) 
Eloubeidi et al. 200476 Acute pancreatitis 0.3% (14/4909) 
Gress et al. 2002113 Acute pancreatitis 2% (2/100) 
Harewood and Wiersema 
2002114 

Mild pancreatitis requiring 2-day hospital stay 0.5% (1/185) 

Gress et al. 2001116 Pancreatitis 1% (1/102) 
O'Toole et al. 2001115 Acute pancreatitis 1.2% (3/248) 
Voss et al. 2000117 Acute pancreatitis 0% (0/99) 

Nine studies reported pain as an adverse event.79,105,108,109,117,127-130 The number of patients at 
risk of pain ranged from 28 to 677, and the mean age range was 62–66.4 years. The range of 
rates reported for pain was 0.1 percent to 2.0 percent. Six studies specifically mentioned the 
development of abdominal pain.79,105,109,117,128,130 Table 10 below provides further details. 

Table 10. Rates of pain after EUS-FNA 
Study Pain Details Rate of Harm 
Siddiqui et al. 2012105 Abdominal pain 0.1% (1/677) 
Kliment et al. 2010127 Minor pain treated with a single dose of analgesics 1% (2/207) 
Fisher et al. 2009108 Pain requiring hospital re-admission 1.1% (1/93) 
Zamboni et al. 2009129 Pain after the procedure, not clinically significant 1.1% (6/545) 
Al-Haddad et al. 2008130 Moderate abdominal pain requiring ER admission but no hospital 

stay and treated with oral analgesics 
0.5% (1/210) 

Moderately severe abdominal pain within 2 hours, requiring hospital 
admission 

1% (2/210) 

Sakamoto et al. 200879 Abdominal pain, transient 2.0% (2/98) 
Shah et al. 2008128 Abdominal pain 1.6% (2/123) 
Eloubeidi et al. 2007109,122-

126 
Major complication: severe pain 0.5% (3/547) 
Minor complication: abdominal pain 0.9% (5/547) 

Voss et al. 2000117 Abdominal pain and pyrexia, resolved spontaneously 1% (1/99) 

Eighteen studies reported perforation/puncture/bleeding as an adverse event.75,79,101,105,108-

112,116-119,127,128,131-134 We combined these three concepts because all three can be caused by 
endoscopic ultrasound and/or fine-needle aspiration, and studies may use different words to 
describe the event (e.g., a perforation that results in bleeding could be described by one study as 
perforation but by another study as bleeding). The number of patients at risk of 
perforation/puncture/bleeding ranged from 52 to 1,034, and the mean age range was 47–68.2 
years. The range of rates reported for perforation/puncture/bleeding was 0 percent to 4.3 percent. 
Table 11 below provides further details. 

Table 11. Rates of bleeding/perforation/puncture after EUS-FNA 
Study Perforation/Puncture/Bleeding Details Rate of Harm 
Hayashi et al. 2013131 Punctures resulting in peripancreatic abscess and requiring 

antibiotics 
0.7% (1/138) 

Ootaki et al. 2012132 Self-limited bleeding during or after EUS-FNA (in conscious sedation 
group) 

0.5% (2/371) 
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Study Perforation/Puncture/Bleeding Details Rate of Harm 
Siddiqui et al. 2012105 Significant intra-procedural bleeding after FNA 0% (0/677) 

Bowel perforations 0% (0/677) 
Fisher et al. 2011119 Bleeding (self limited) 0% (0/170) 

Perforation 0.6% (1/170) 
Bile leak 0.6% (1/170) 

Iglesias-Garcia et al. 
2011118 

Bleeding at site of gastric puncture 0.5% (1/182) 

Itoi et al. 2011133 Procedure-related bleeding, treated by conservative therapy without 
blood transfusion 

0.6% (2/356) 

Carrara et al. 201075 Mild intracystic and retroperitoneal hemorrhage 0.1% (1/1034) 
Mild hemorrhage 0.1% (1/1034) 
Severe perforation/death 0.1% (1/1034) 
Mild endoductal hemorrhage 0.2% (2/1034) 
Mild intracystic hemorrhage* 0.6% (6/1034) 

Kliment et al. 2010127 Minor bleeding without treatment necessary 1.5% (3/207) 
Fisher et al. 2009108 Perforation 0% (0/93) 

Minor mucosal bleeding requiring adrenaline injection 1.1% (1/93) 
Puncture of the superior mesenteric vein 1.1% (1/93) 
Mild self-limiting mucosal bleeding, stopped without intervention 4.3% (4/93) 

Sakamoto et al. 200879 Bleeding from FNA site 0% (0/98) 
Shah et al. 2008128 Periduodenal bleeding 0.8% (1/123) 
Eloubeidi et al. 2007109,122-

126 
Minor complication: exaggerated bleeding 0.4% (2/547) 

Rocca et al. 2007134 Minor intracystic hemorrhage 0.3% (1/293) 
Bournet et al. 2006111 Upper gastrointestinal bleeding 0.4% (1/224) 

Perforation, duodenal 0.4% (1/224) 
Mahnke et al. 2006110 Mild bleeding 0.3% (1/310) 
Mortensen et al. 2005112 Massive gastrointestinal bleeding 0.1% (1/670) 
Ryozawa et al. 2005101 Hemorrhage 0% (0/52) 

Perforation 0% (0/52) 
Gress et al. 2001116 Substantial gastric mucosal bleeding with clot formation 2.0% (2/102) 
Voss et al. 2000117 Bleeding 4% (4/99) 

Three studies79,92,101 specifically reported that tumor seeding after EUS-FNA had not
occurred; these studies had enrolled a total of 244 patients. Additionally, other complications, 
such as infection, brief hypoxia, and reversal of medication, were reported. Four studies reported 
infection, with rates ranging from 0 percent to 6.7 percent.101,106,110,111 Two studies reported brief 
hypoxia,106,109 with rates ranging from 0.3 percent to 0.6 percent, and two studies reported 
reversal of medication usage,109,110 with rates ranging from 0.2 percent to 0.6 percent. 

Recent Harms Studies Not Specific to Pancreatic Cancer 
Katanuma et al. (2013)135 reported 11 harms (1 moderate) in 316 patients. In multivariate 

analysis, tumors measuring 20 mm or less in diameter (odds ratio [OR], 18.48; 95 percent CI, 
3.55 to 96.17; p<0.001) and pancreatic neuroendocrine tumors (OR, 36.50; 95 percent CI, 1.73 to 
771.83; p=0.021) were significant independent risk factors for post-procedural events. 

EUS-related adverse events (range 0.06 percent to 14.4 percent [mostly minor] were reported 
in more than 21,088 patients in five studies.136-140 Two studies enrolled at-risk patients and 
focused on sedation-related complications.136,137 One study enrolled 799 patients (more than 60 
percent classified as ASA Class III)136 (see Appendix C for further details). In multivariate 
analysis, male sex (OR, 1.75; 95 percent CI, 1.08 to 2.85; p=.02), ASA class 3 or more (OR, 
1.90; 95 percent CI, 1.11 to 3.25; p=.02), and body mass index (OR, 1.05; 95 percent CI, 1.01 to 
1.09; p=.009) were independent predictors of airway modifications. More than 65 percent of 
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patients randomly assigned to midazolam/meperidine or propofol in another study were ASA 
Class III or higher (18 percent ASA Class IV).137 Of the 151 patients enrolled, 34 patients 
underwent EUS. No significant differences were reported in overall cardiopulmonary 
complication rates. 

Forty-two (0.4 percent) serious adverse events were reported by Niv et al. (2011)139 in a 7-
year retrospective review of physician reporting. Harms from EUS and endoscopic retrograde 
cholangiopancreatography (ERCP) included perforation (69 percent), bleeding (4.8 percent), 
cardiovascular and respiratory (4.8 percent), teeth trauma (2.4 percent) and other (19 percent). 
“Critical outcomes” for the 42 patients involved included 15 mortality cases (35.7 percent) and 
18 (42.9 percent) patients with residual damage. The incidence of mortality for EUS-related 
procedures (diagnostic and interventional) has reportedly varied between 0 percent and 
0.06 percent.138 Eloubeidi et al. (2009)140 reported cervical esophageal perforations in three (0.06 
percent) patients at the time of endoscopic ultrasound intubation. One patient reported chest 
pains and two patients reported excessive salivation and sore throat prompting a physical exam. 
All patients underwent surgical repair and resumed swallowing without complications. Lastly, 
Kalaitzakis et al. (2011)138 reported 9 (0.2 percent) EUS-related harms including desaturation, 
supraventricular tachycardia, and gallbladder and duodenal perforations. Jenssen et al. (2012) 
indicated that gastrointestinal perforations from EUS typically occurred as follows:141 

• At areas of angulation (e.g., rectosigmoidal junction) 
• In the presence of unexpected anatomical alterations (e.g., duodenal diverticula) 
• In luminal obstruction (e.g., gastrointestinal cancer)

See Appendix C for details on EUS-FNA–related adverse events in these studies.
 

MRI 

Harms Studies Specific to Pancreatic Cancer 
No included studies reported procedural harms of MRI. 

Recent Harms Studies Not Specific to Pancreatic Cancer 
MRI-related adverse events (range 0 percent to 64.6 percent) were evaluated in more than 

156,962 patients in 11 studies.77,78,142-150 Adverse events from contrast-enhanced MRIs were the 
focus of 10 (91 percent) studies.77,78,142-149 Contrast agents such as gadobenate dimeglumine (Gd-
BOPTA),142 gadobutrol (Gd-BT-DO3A),77,142,145,149 gadoterate meglumine (Gd-DOTA),144,147 

gadopentetate dimeglumine (Gd-DTPA)77,78 gadodiamide (Gd-DTPA-BMA),77 gadoversetamide 
(Gd-DTPA-BMEA),77 gadoxetic acid disodium salt (Gd-EOB-DTPA),146 gadoteridol (Gd-HP-
DO3A),77 manganese chloride tetrahydrate (CMC-001),143 and oral manganese (McCl2)148 were 
administered in nine studies. (See Appendix C for a list of currently marketed gadolinium [GD] 
agents for MRI.) Contrast-enhanced MRIs, widely used for more than 20 years, provide 
increased sensitivity and specificity of lesion detection.151 Although relatively safe in most 
patients, contrast agents may be quite harmful to others. 

The American College of Radiology (ACR) Manual on Contrast Media (2013) indicates that 
patients with a history of prior allergy-like reaction to contrast media, history of asthma, renal 
insufficiency, significant cardiac disease, and elevated anxiety are at an increased risk of 
experiencing adverse IV contrast-material reactions.152 Some reactions, in fact, may be life 
threatening. In 2006, some gadolinium-based contrast agents (GBCAs) were linked with 
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nephrogenic systemic fibrosis (NSF), a scleroderma-like, fibrosing condition, that could be 
potentially fatal in patients with renal failure.153 

The ACR Manual on Contrast Media152 estimates that “patients with end-stage chronic 
kidney disease (CKD) (CKD5, eGFR [estimated glomerular filtration rate] <15 ml/min/1.73 m2) 
and severe CKD (CKD4, eGFR 15 to 29 ml/min/1.73 m2) have a 1 percent to 7 percent chance of 
developing NSF after one or more exposures to at least some GBCAs.” In 2010, the U.S. Food 
and Drug Administration (FDA) issued a warning for use of GBCAs in patients with kidney 
dysfunction. Agents such as Magnevist, Omiscan, and Optimark, the agency states, place certain 
patients with kidney dysfunction at higher risk for NSF than other GBCAs.154 The FDA had 
previously issued a Public Health Advisory (2006) about the possible link between exposure to 
GBCAs for magnetic resonance angiography and NSF in patients with kidney failure.155 The 
FDA later (2007) required a box warning on product labeling of all GBCAs used in MRIs 
regarding the risk of NSF in patients with severe kidney insufficiency, patients just before/just 
after liver transplantation, or individuals with chronic liver disease.156 

Six MRI-related studies enrolled at-risk patients;77,144,146,147,149,150 five studies evaluated 
GBCAs in patients at-risk for kidney or liver disease.77,144,146,147,149 The largest study (N=84,621) 
surveyed 19,354 (22.9 percent) patients at-risk with renal and liver dysfunctions, history of 
allergies, hypertension, chronic heart disease, and central nervous system disorders who received 
manual (74.5 percent) or automated (25.5 percent) injections of Gd-DOTA.144 In the study, 421 
adverse events (65 different) occurred in 285 (0.34 percent) patients. Eight serious adverse 
events (less than 0.01 percent) were reported; life-threatening events in 3 patients. Ishiguchi and 
Takahashi147 also evaluated the safety of Gd-DOTA and reported a less than 1 percent overall 
incidence of adverse events. The authors indicated that general condition, liver disorder, kidney 
disorder, complication, concomitant treatments, and Gd-DOTA dose were statistically significant 
risk factors for adverse reactions. 

Ichikawa et al. (2010) reported mostly mild adverse events in 178 patients with suspected 
focal hepatic lesions146 after undergoing MRI with a single injection of Gd-EOB-DTPA. Voth et 
al. (2011)77 retrospectively reviewed 34 clinical studies that had enrolled 4,549 patients receiving 
Gd-BT-DO3A and 1,844 patients receiving comparator agents (e.g., Gd-DTPA, Gd-HP-DO3A, 
Gd-DTPA-BMEA, or Gd-DTPA-A-BMA). Results indicated similar overall adverse event rates 
for both groups (4.0 percent) although slightly more serious adverse events occurring in the Gd-
BT-DO3A group (0.4 percent vs. 0.2 percent). Lastly, Hammerstingl et al. (2009)149 reported no 
serious or severe adverse events after randomly assigning patients with known focal liver lesions 
or suspected liver lesions to gadobutrol (N=292) or gadopentetate-enhanced MRI (N=280). 

Five studies, also evaluating GBCA-enhanced MRIs, reported no harms,142 mild 
gastrointestinal harms,148 mild burns from an MR coil,78 and two severe adverse drug reactions 
(ADRs).143,145 One integrated retrospective analysis of six clinical studies145 (N=14,299) 
indicated that the “occurrence of ADRs…following…gadobutrol is comparable with the 
published data of other Gd-based contrast agents.” Lastly, one study focusing on general harms 
from MRI150 enrolled 365 patients at-risk for developing breast cancer and reported significant 
MRI discomfort was mainly due to noise of the machine (64.6 percent). See Appendix C for 
details on MRI-related adverse events in these studies. 
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PET/CT 

Harms Studies Specific to Pancreatic Cancer 
There were no pancreas-specific studies on harms of PET/CT. 

Recent Harms Studies Not Specific to Pancreatic Cancer 
PET/CT-related harms were reported in 3,359 patients in one study.78 A retrospective review 

of 3,359 PET/CT scans (106,800 scans overall)78 reported four severe adverse events including 
chest pain (2) and shortness of breath (2). See Appendix C for details on PET/CT–related 
adverse events in these studies. 

Key Question 3a. How are patient factors related to the harms of
 
different imaging techniques?
 
No included studies addressed this subquestion. 

Key Question 3b. What are patient perspectives on the tolerance of 
different imaging techniques and the balance of benefits and harms of 
different imaging techniques? 

Key Points 
•	 In the context of screening high-risk individuals (HRIs) for pancreatic cancer, about 10 

percent of patients stated that EUS is “very uncomfortable,” and 11 percent stated that 
MRI is “very uncomfortable.” 

•	 No pertinent evidence exists on other screening tests, or any imaging tests for 

diagnosis/staging.
 

Detailed Synthesis 
One study addressed this question.157 Authors in the Netherlands enrolled 69 patients at high 

risk of having (or developing) pancreatic adenocarcinoma in a screening program. In the study 
“high risk” was defined as anyone either a first-degree relative with pancreatic cancer or anyone 
with a gene mutation prone to pancreatic cancer. The screening examinations involved both 
endoscopic ultrasound and magnetic resonance imaging, and all patients enrolled had received 
both imaging tests (testing interval between tests was a maximum of 2 weeks). 

Patients were asked a question about their comfort level during EUS and MRI with this 
wording: “How did you experience undergoing an MRI? Was this experience: not 
uncomfortable, slightly uncomfortable, very uncomfortable or extremely uncomfortable.” For 
EUS, 10 percent of patients found it very uncomfortable, and for MRI this percentage was 
11 percent. For EUS, the stated reason for lack of comfort involved either inadequate sedation or 
oversedation, whereas for MRI the stated reason involved claustrophobia. The authors also 
reported “there was no statistically significant difference in the frequency that respondents were 
dreading the procedure,” but they did not report the percentages of patients feeling dread 
beforehand. 

Conclusions for Key Question 3 
In the diagnosis and staging of pancreatic adenocarcinoma, different imaging tests are 

associated with different types of harms. MDCT and PET/CT use radiation and therefore can 
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cause cancer, but the size of the risk is not possible to estimate specifically when used for 
diagnosis/staging of pancreatic adenocarcinoma. EUS-FNA risks are due to the physical 
invasiveness of the procedure and primarily involve pancreatitis, postprocedural pain, and 
puncture/perforation/bleeding. Regarding patient tolerance, one study of screening found that 
about 10 percent of patients state that EUS-FNA and MRI are very uncomfortable. 

Test Performance of Imaging Modalities for Screening 
Asymptomatic Adults at High-Risk 

Key Question 4: What is the screening accuracy of imaging techniques 
(e.g., MDCT angiography with or without 3D reconstruction, other MDCT, 
EUS-FNA, PET/CT, MRI) for detecting precursor lesion(s) of pancreatic 
cancer or pancreatic adenocarcinoma in high-risk asymptomatic adults 
(i.e., those at genetic or familial risk of pancreatic adenocarcinoma)? 

Key Points 
•	 No accuracy estimates are possible for any single imaging modality because the six 

included screening studies provided only accuracy data for a joint set of imaging 
tests. 

•	 The large majority of HRIs who undergo screening for pancreatic adenocarcinoma 
either have completely normal imaging studies (52 percent to 63 percent) or have 
some abnormal imaging that was not sufficiently concerning to warrant biopsy or 
surgery (18 percent to 45 percent). 

•	 Only 2 percent to 18 percent of HRIs screened received either a biopsy or surgery 
based on imaging findings (any imaging modality— MDCT, EUS with or without 
FNA, MRI), amounting to a total of 46 HRIs (7 percent) from the 6 studies. 

•	 Of the total of 46 patients with a pathological specimen from either biopsy or surgery 
from all 6 screening studies, 17 total (1.1 percent to 9.0 percent of HRIs screened) 
had true-positive findings (i.e., pathology-confirmed precursor lesions or pancreatic 
adenocarcinoma); 19 total (0 percent to 9.8 percent of HRIs screened) had a major 
false-positive findings (i.e., patient had surgical resection based on imaging and 
pathology that showed a benign lesion, e.g., branch duct intraductal papillary 
mucinous neoplasia [BD-IPMN] with low-grade dysplasia); 7 total (0 percent to 
9.2 percent of HRIs screened) had a minor false-positive finding (i.e., patient had a 
FNA biopsy based on imaging and pathology was normal, no surgery performed); 
3 (0 percent to 1.5 percent of HRIs screened) had false-negative findings (i.e., 
patient’s cancer was missed on image screening but found later with pathology 
confirmation). 

Detailed Synthesis 
Six primary studies met inclusion criteria for this question, of which five were recent 

(published 2009 or later). The group of studies was heterogeneous in the population studied, 
imaging tests examined, the design of study, and reporting of results, which limits generation of 
conclusions. Studies defined HRIs differently, with most based on a combination of personal and 
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family history of pancreatic cancer and/or a familial cancer syndrome (i.e., familial pancreatic 
cancer) and/or a hereditary predisposition to tumors (i.e., Peutz-Jeghers syndrome). One study158 

screened only individuals with a known p16 gene mutation, which is associated with various 
cancers and found most prominently in pancreatic cancer. One study had a control arm of non-
HRIs,159 however, we examined only the data on HRIs. Two studies160,161 looked at one-time-
only initial screening of HRIs, whereas four studies had followup screening annually or more 
frequently for individuals from whom it was indicated. Followup times ranged from 5 to 50.4 
months through the studies. 

One study158 examined the use of MRI only for screening HRIs, whereas the others looked at 
a combination of MRI/magnetic resonance cholangiopancreatography (MRCP) with EUS with or 
without FNA, some with the addition of MDCT and also ERCP. Most of these studies were not 
designed to assess accuracy of individual imaging modalities for screening of HRIs, but rather 
the accuracy of screening HRIs with a combination of imaging modalities as deemed clinically 
appropriate. Similarly, they were not designed to assess comparative accuracy of imaging 
modalities. Therefore, studies did not uniformly nor comprehensively report results for each 
imaging modality performed, which prevents conclusions about accuracy of any particular 
imaging tests or comparative accuracy. Individual study observations suggest that CT alone as an 
imaging modality for screening HRI may be insufficient.159,160 In Canto et al.(2012),160 the 
authors noted fewer pancreatic lesions were detected by MDCT than by MRI and EUS with or 
without FNA. Individual study observations also suggest that EUS with or without FNA alone 
may “overcall suspicious lesions,”162 but in combination with additional imaging such as MRI, it 
may be useful to prevent unnecessary surgery. 

All six studies were prospective, and none were randomized controlled trials. One study159 

had a control arm of 149 non-HRIs. Two studies159,160 reported some level of blinding to test 
interpretation; radiologists blinded to results of other imaging reports and endoscopists blinded to 
imaging results, and in one study, pathologists unaware of clinical or radiologic findings.159 In 
two studies,159,163 only one endoscopist performed all EUS procedures, and in two studies,159,162 

only one radiologist performed radiologic interpretations of interest in the study (MRI and 
MDCT). However in other studies it was unclear and there was no stated accounting for 
variability in performance of EUS or interpretation of radiologic and EUS images. Studies’ 
reference standard was not confirmed surgical pathology for all cases because most were not 
treated. Reference standard was “followup,” which in some cases was a pathologic specimen 
(biopsy or surgical) only for those that warranted such interventions clinically, but in most cases 
was a clinical visit or followup imaging. The clinical judgment for surgery was determined in 
most cases by a multidisciplinary team according to institution-specific standards, in some cases 
with parameters around appropriate indications. In one multi-site study,160 standard of care for 
surveillance and treatment was determined by each individual site. This is also further 
complicated by both new understanding in the field and some differing opinions of what 
warrants surgery. The currently held belief is that branch duct-type IPMNs and low-grade PanIN 
(pancreatic intraepithelial neoplasia; grade 1 and 2) do not universally warrant surgical resection. 

Data tables in Appendix D summarize the overall findings from the screening studies. From 
three of the six screening studies that reported such data, 52 percent to 63 percent of HRIs had 
completely normal imaging studies (for any imaging modality—MDCT, EUS with or without 
FNA, MRI) throughout the study periods. An additional 18 percent to 45 percent of HRIs from 
the same three studies had some abnormal imaging findings, but not sufficient to warrant biopsy 
or surgery during the study periods. Some of these abnormal findings, such as changes 
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suggestive of pancreatitis, although noteworthy, were not deemed precursor lesions to pancreatic 
adenocarcinoma for which biopsy or surgical intervention was necessary. So within the three 
studies, two studies stated that 97 percent and one study stated that 81 percent of HRIs screened 
had no concerning imaging findings (by any imaging modality) that resulted in additional 
intervention. Fourteen individuals (2.1 percent) from all six studies (total N=653) were found to 
have in situ or frank adenocarcinoma. While these rates are still relatively low, they are 
significantly higher among the HRI population than among the general population with an 
incidence of 0.082 percent. However an appropriate approach to screening is to uncover 
precursor lesions before they become adenocarcinoma. Among all HRIs enrolled from all 6 
studies, a total of 46 individuals (7 percent of all enrolled HRIs from 6 studies, with individual 
studies ranging from 2 percent to 18 percent of HRIs screened) had abnormal findings on 
imaging findings (on any imaging modality) that resulted in either a biopsy or surgery. 

Of the total of 46 HRIs with a pathological specimen from either biopsy or surgery from all 6 
screening studies, 17 total had true-positive findings (i.e., pathology confirmed precursor lesions 
or pancreatic adenocarcinoma). The true-positive findings for individual studies ranged from 1.1 
percent to 9.0 percent of HRIs screened. Canto et al. (2012)160 acknowledged a more 
conservative approach and had a lower rate of true positives along with Al-Sukhni.162 However 
Al-Sukhni also had two cases of false negatives where biopsy-confirmed cancer lesions and 
precursor lesions were found on subsequent imaging screenings (4th and 5th rounds) that were 
not seen on initial imaging. While we categorized this as a “false-negative” with respect to the 
imaging modalities’ ability to detect a precursor lesion, it is arguable whether the biology of the 
tumor is such that the rapid cancer development in HRIs is the primary attributable factor. The 
Canto et al. (2012)160 study did not, however, report any false negatives, but the authors also 
focused on a one-time initial screening and had an average followup period of 28 months, 
perhaps not allowing for additional cases of undetected pancreatic cancers to be detected or 
captured. Higher rates of true positives in studies Verna,161 Vassen,158 and Canto159 (4.9 percent, 
9.0 percent, 5.1 percent, respectively), also had higher rates of major false positives (5.1 percent 
to 9.8 percent) in which patients went to surgery for benign lesions that were not deemed 
precancerous lesions. The challenge remains that certain lesions such as the various grades of 
IPMN and PanIN 1–3 cannot be reliably distinguished by imaging modalities. Even with FNA 
biopsy, Langer et al. also reported high rates of false positives. In that same study, there were 7 
cases of “minor false positives” in which the HRI had an FNA biopsy based on imaging and 
pathology that was normal, but surgery was avoided. 

Conclusions for Key Question 4 
The six included studies were not designed to assess accuracy of individual imaging 

modalities for screening of HRIs, but rather the accuracy of screening HRIs with a combination 
of imaging modalities as deemed clinically appropriate. Similarly, they were not designed to 
assess comparative accuracy of imaging modalities. Therefore, studies did not uniformly nor 
comprehensively report results for each imaging modality performed, which prevents 
conclusions about accuracy for any particular imaging tests or comparative accuracy. However, 
we describe some observations from the studies on various imaging modalities below. 

•	 MDCT has been the most used imaging modality for screening. Its advantages are that it 
is widely available, noninvasive, well-tolerated, and less dependent on test operators and 
interpreters. In certain populations at high risk for pancreatic cancer (e.g., Peutz-Jeghers
syndrome, BRCA2 mutation) who are also at high risk of developing other cancers 
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(ovarian cancer, melanoma), there may be additional utility to screening with imaging 
modalities such as MDCT (and MRI) because of the possibility of detecting other cancers
outside of the pancreas and outside of the range of EUS. In a few studies159,161,162 

extrapancreatic neoplasms were detected among HRIs (located in ovaries, kidneys, lung). 
In some studies, MDCT missed lesions that were detected through EUS.159 

•	 Some studies report that MRI/MRCP has similar abilities to detect precursor lesions.163 

However MRI/MRCP has the advantage of not exposing patients to radiation, which is
important, given the repeated nature of some screening regimens proposed. As mentioned 
above, MRI also has the ability to detect extrapancreatic lesions. 

Advantages of EUS appear to include detection of pancreatic masses smaller than 1 cm. FNA 
also allows for tissue sampling to aid in diagnosis. Disadvantages to EUS include that it is less 
readily available, more operator dependent, and more invasive than other imaging modalities. 
Authors of one study believe that EUS “overcalled” or overdiagnosed suspicious lesions, leading 
to unnecessary surgical resection.159 Studies reviewed have suggested the use of EUS as an 
adjunct to another screening modality such as CT or MR.159,162 Taken as a whole, the studies 
examined provide no evidence for conclusions about which imaging modalities are best for 
screening asymptomatic HRIs for pancreatic cancer screening. Basic questions of whether such 
screening or surveillance programs in HRIs is warranted and improves prognosis are still 
unclear. 

A major barrier to effectively defining an optimal pancreatic cancer–screening approach is 
the evolving understanding of the unique biology of pancreatic cancers among HRIs, in 
particular those with strong genetic predispositions. In a few studies,158,159,162 cases were 
apparent in which the defined interval between screens was deemed appropriate, yet may not 
have been. However, rapid progression and cancer development occurred in some cases, 
showing that despite aggressive screening approaches, the natural history of some lesions in 
HRIs (i.e., familial pancreatic neoplasia) can be aggressive and are still not well understood. 
Defining and characterizing the appropriate high risk populations for screening also needs to be 
further explored to determine the most effective approach to screening for pancreatic cancer. 

There is also an evolution in the understanding of precursor lesions such as IPMN and PanIN 
lesions. One consensus-based guideline published in 2012 suggested that main duct intraductal 
papillary mucinous neoplasia (MD-IPMN) should be resected, whereas BD-IPMN without high-
risk features (i.e, high-grade dysplasia, increasing size) should be monitored. 

Current imaging technologies are insufficient to differentiate between the low-grade and 
high-grade dysplasia in IPMNs and PanINs. As mentioned earlier, currently, those with higher-
grade dysplasia often have precursor lesions that may develop into cancer, while those with low-
grade dysplasia are considered to have benign lesions. This creates a difficult situation when an 
IPMN or PanIN is suspected on imaging, and in the studies examined in this evidence report, 
resulted in several pancreatic resections that perhaps were unnecessary. Surgical resection is 
currently the main treatment for precursor lesions; however, timing of surgery intervention 
versus continued surveillance needs further study. Given the potential morbidity and mortality 
associated with pancreatic surgery, clarification of the uncertain significance of certain precursor 
lesions, as well as the timing of surgery is needed. 
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Discussion 
Key Findings and Strength of Evidence 

For single-test accuracy, we summarized results from relevant systematic reviews to estimate 
the accuracy of each individual imaging modality. For diagnosis and judging resectability in 
patients with unstaged disease, we drew the following conclusions: 

•	 For diagnosis using multidetector computed tomography (MDCT), one systematic 
review yielded a sensitivity estimate of 91 percent (95 percent confidence interval 
[CI], 86 percent to 94 percent) and a specificity estimate of 85 percent (95 percent CI, 
76 percent to 91 percent). 

•	 For diagnosis using endoscopic ultrasound with fine-needle aspiration (EUS-FNA), 
three high-quality, recent systematic reviews yielded sensitivity estimates ranging 
from 83 percent to 92 percent and specificity estimates ranging from 95 percent to 
100 percent. 

•	 For diagnosis using magnetic resonance imaging (MRI), three systematic reviews 
yielded sensitivity estimates of 84 percent to 85 percent and specificity estimates of 
82 percent to 91 percent. 

•	 For diagnosis using positron emission tomography–computed tomography (PET/CT), 
two systematic reviews yielded sensitivity estimates of 87 percent and 90 percent and 
specificity estimates of 83 percent and 90 percent. 

•	 For MDCT, in assessing the resectability of tumors in patients with unstaged disease, 
one systematic review yielded a sensitivity estimate of 81 percent (95 percent CI, 76 
percent to 85 percent) and a specificity estimate of 82 percent (95 percent CI, 77 
percent to 97 percent). 

•	 For MRI, in assessing the resectability of tumors in patients with unstaged disease, 
one systematic review yielded a sensitivity estimate of 82 percent (95 percent CI, 69 
percent to 91 percent) and a specificity estimate of 78 percent (95 percent CI, 63 
percent to 87 percent). 

Also for single-test accuracy, regarding staging and judging resectability in staged patients, 
we drew the following conclusions: 

•	 One low-quality systematic review published in 2009 addressed this question, and 
assessed the accuracy of computed tomography (CT) in assessing vascular 
involvement. 

•	 When the review considered only studies published since 2004, the review estimated 
the sensitivity and specificity of CT to be 85 percent (95 percent CI, 78 percent to 
91 percent) and 82 percent (95 percent CI, 74 percent to 88 percent), respectively. 

For comparative accuracy, our conclusions appear in Table 12. For diagnosis, we found 
evidence to support the claim that MDCT and MRI are similarly accurate. We also concluded 
that MDCT and EUS-FNA are similarly accurate when determining whether an unstaged tumor 
can be resected. This is also an important finding, because MDCT is the standard, many tumors 
are unstaged, and the key clinical decision is whether to operate. Using EUS-FNA instead of 
MDCT for this purpose would have no impact on the rates of appropriate resection, but it could 
alter other aspects such as procedural harms (fewer iatrogenic cancers, more iatrogenic 
pancreatitis and postprocedural pain). 
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Turning to staging, we found T staging to be better with EUS-FNA than MDCT, but this is a 
less important finding since, as stated earlier, the key clinical issue is resectability. One key input 
to resectability is the involvement of blood vessels, and we found that MDCT and MRI are 
similarly accurate for vessel assessment. Another input to the resectability decision is metastasis, 
and we found that PET/CT has a slight advantage over MDCT in this area (about a 10 
percentage-point advantage for both sensitivity and specificity). We note that both technologies 
had poor accuracy in detecting metastases (sensitivities of 57 percent for MDCT and 67 percent 
for PET/CT) but were quite good at ruling out metastases (specificities of 91 percent for MDCT 
and 100 percent for PET/CT). 
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Table 12. Summary of conclusions 

Conclusion 
# 
Studies Risk of Bias Directness Consistency Precision 

Publication 
Bias 

Strength of 
Evidence 

MDCT and MRI are approximately equally 
accurate in the diagnosis of pancreatic 
adenocarcinoma in symptomatic adults 

7 4 Low, 
3 Moderate 

Direct Consistent Precise No Moderate 

MDCT and EUS-FNA are approximately equally 
accurate in the assessment of resectability of 
pancreatic adenocarcinoma in symptomatic 
adults with unstaged disease 

1 Low Direct Unknown Precise No Low 

EUS-FNA is more accurate than MDCT in the 
assessment of the T stage of pancreatic 
adenocarcinoma in symptomatic adults 

1 Low Direct Unknown Precise No Low 

MDCT and MRI are approximately equally 
accurate in the assessment of the vessel 
involvement of pancreatic adenocarcinoma in 
symptomatic adults 

2 Low Direct Consistent Precise No Moderate 

PET/CT is more accurate than MDCT in the 
assessment of metastases of pancreatic 
adenocarcinoma in symptomatic adults 

2 1 Moderate, 
1 Low 

Direct Consistent Precise No Moderate 

EUS-FNA=Endoscopic ultrasound with fine-needle aspiration; MDCT=multidetector computed tomography; MRI=magnetic resonance imaging; PET/CT=positron emission 
tomography 
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Regarding the procedural harms of imaging tests in the diagnosis and staging of pancreatic 
adenocarcinoma, the harms of concern are different for different tests. MDCT and PET/CT use 
radiation and, therefore, can cause cancer, but the size of the risk is not possible to estimate 
specifically when used for diagnosis/staging of pancreatic adenocarcinoma. EUS-FNA risks are 
due to the physical invasiveness of the procedure and primarily involve pancreatitis, 
postprocedural pain, and puncture/perforation/bleeding. Regarding patient tolerance, one study 
of screening found that about 10 percent of patients state that EUS-FNA and MRI are very 
uncomfortable. 

For screening, most people at high risk of developing pancreatic adenocarcinoma have 
negative results on pertinent imaging tests. Available studies do not correlate the results of a 
given imaging test to subsequent diagnoses; therefore, one cannot determine the screening 
accuracy of any given imaging test. 

Findings in Relationship to What is Already Known 
We identified four reviews whose purpose was to compare different imaging modalities for 

the diagnosis and/or staging of pancreatic adenocarcinoma. One49 required that all studies make 
direct comparisons (as we did in this report for KQ1b through 1g, and KQ2b through 2g), 
whereas the others did not set that requirement (instead, the reviewers performed an indirect 
comparison of studies of one modality to studies of another modality). The next four paragraphs 
discuss the four reviews, along with discussion of how they relate to our conclusions on 
comparative accuracy (see previous section). Then, we discuss a single identified systematic 
review of morbidity after EUS-FNA, and how it relates to our findings for Key Question 3. 

Wu et al. (2012)30 indirectly compared PET/CT with diffusion-weighted MRI, and included 
16 studies. Authors concluded that PET/CT was highly sensitive and diffusion-weighted MRI 
was highly specific, and that “enhanced PET/CT seems to be superior to unenhanced PET/CT”. 
The data they analyzed, however, do not support any assertions of reliable differences among the 
modalities. The sensitivity of PET/CT was 87 percent, with a reported confidence interval from 
81 percent to 82 percent, which must be a typographical error (we contacted the author for a 
correction, but received no reply). For diffusion-weighted MRI, the sensitivity was 85 percent 
with a confidence interval from 74 percent to 92 percent, so the sensitivity of MRI could actually 
have been higher than PET/CT. Specificities for PET/CT and MRI were 83 percent and 91 
percent, respectively, but imprecision means an important difference cannot be excluded by the 
data. The only comparative statement involves different forms of PET/CT, and we did not 
include any studies making such a comparison. The authors’ conclusion was based on indirect 
comparisons, which we chose not to make in this review. 

Tang et al. (2011)32 indirectly compared PET/CT, PET alone, and EUS with or without FNA. 
Some of the EUS studies may have not permitted FNA (even if a lesion had been seen), thus 
those data are outdated. Authors included 51 studies published up to April 2009 and concluded 
that for diagnosis, PET/CT was the most sensitive of the three modalities (90 percent, vs. 88 
percent for PET alone and 81 percent for EUS), whereas EUS was the most specific (93 percent, 
vs. 80 percent for PET/CT and 83 percent for PET alone). Authors concluded, based on these 
results, that PET/CT and EUS could play different clinical roles (e.g., PET/CT for ruling in 
disease, and EUS for ruling out disease). These authors did not compare technologies to MDCT, 
whereas all of our conclusions about comparative accuracy involved MDCT, so their conclusions 
neither conflict with nor confirm ours. 
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Dewitt et al. (2006)49 directly compared CT (either single detector or multidetector) to EUS 
(either with or without the ability to perform FNA). Thus, some of the included studies used 
modalities that are outdated. Authors included 11 pre-2005 studies, each comparing the two 
technologies, and found there were several methodological flaws, such as retrospectivity and 
unrepresentative study populations. Despite these flaws, authors concluded that EUS is more 
sensitive than CT for diagnosis; for staging and vascular invasion, no conclusion can be reached; 
and for resectability assessment, the data suggest equivalence. This review reached the same 
conclusion about resectability, but did not conclude that EUS is more sensitive (or more accurate 
in general) than MDCT. In comparing EUS-FNA to MDCT for diagnosis, we performed a meta-
analysis of three studies. This evidence suggested a slight advantage of EUS-FNA, but the 
difference was not statistically significant and was too imprecise to permit a conclusion of 
approximate equivalence. The difference may involve the inclusion of single-slice CT by Dewitt 
(which we excluded because it is an outdated technology). 

Bipat et al. (2005)29 indirectly compared “conventional” CT, helical CT, MRI, and 
transabdominal ultrasound for diagnosis and resectability of pancreatic cancer. The 68 included 
studies had been published between January 1990 and December 2003; thus, the imaging 
technologies assessed are outdated (e.g., single-detector CT). For diagnosis, helical CT 
dominated the other techniques (highest sensitivity and highest specificity). For determining 
resectability, the technologies had similar sensitivities (81 percent to 83 percent) however helical 
CT had slightly better specificity at 82 percent as compared with 78 percent for MRI, 76 percent 
for conventional CT, and 63 percent for transabdominal ultrasound. In terms of correspondence 
to this review, we concluded similarity between MDCT and MRI, which is largely consistent. 

Regarding procedural harms, one systematic review summarized data on EUS-FNA.164 The 
authors included 51 articles, and among these studies a total of 8,246 patients had received the 
procedure for pancreatic indications. Using non-meta-analytic techniques (dividing the total 
number of incidents by the total number of patients in the studies), they estimated the rates of 
0.44 percent for pancreatitis (36/8,246), 0.38 percent for postoperative pain (31/8,246), 0.08 
percent for fever (7/8,246), 0.1 percent for bleeding (8/8,246), 0.02 percent for perforation 
(2/8,246), and 0.01 percent for infection (1/8,246). The authors also investigated whether the 
observed rates differed among prospective and retrospective studies. For pancreatitis, they found 
rates of 0.67 percent in prospective studies but only 0.37 percent in retrospective studies. For 
postoperative pain, they found rates of 1.4 percent in prospective studies but only 0.09 percent in 
retrospective studies. The authors did not report the statistical significance of these differences, 
so we performed the chi-square test and found that the difference for pancreatitis was not 
statistically significant (X2(1)=2.95, p=0.09), but it was for postoperative pain (X2(1)=64.1, 
p<0.05). 

Our review found similarly low rates of procedural harms of EUS-FNA and that the most 
commonly reported harms are pancreatitis and postoperative pain. We did not attempt to estimate 
rates because of the wide variation in study methods and reporting. Because of the finding 
regarding prospective/retrospective studies, however, we investigated whether the finding was 
apparent in the studies we reviewed for Key Question 3. It was not. For pancreatitis, findings 
were in the opposite direction (0.39 percent for prospective studies, 0.46 percent for retrospective 
studies). For pain, findings were in the same direction, but the difference was smaller (1 percent 
in prospective studies, 0.7 percent in retrospective studies). The reason for the difference may 
involve our more-stringent inclusion criteria. We had required that included studies for harms 
stated in their Methods sections a plan to measure harms; this was intended to exclude studies 
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that reported harms data only anecdotally. If such anecdotal reports are more common among 
retrospective studies (a reasonable supposition), then our criteria may explain the difference. 

Implications for Clinical and Policy Decisionmaking 
Pancreatic adenocarcinoma still carries a poor prognosis, in part due to advanced-stage 

presentation and diagnosis. While the incidence of pancreatic cancer is relatively low, it appears 
to be rising, increasing by 1.5% per year, which is beyond the rate expected based on aging of 
the population. Some predictions suggest that pancreatic adenocarcinoma will be the second 
highest incident cancer by 2020. This evidence review compares and summarizes current 
evidence on the effectiveness of imaging modalities (MDCT, MRI, EUS+FNA, and PET/CT) 
most commonly utilized for diagnosing, staging, and determining the resectability of pancreatic 
cancer. In this report, the evidence was usually too imprecise to permit conclusions, but we did 
find sufficient evidence for some tentative evidence-based conclusions, outlined next. 

For diagnosis, we found MDCT and MRI are approximately equivalent for diagnosing 
pancreatic adenocarcinoma. Specifically, we estimated a positive predictive value (PPV) of 90 
percent and a negative predictive value (NPV) of 88 percent for both of these imaging 
procedures. In other words, a patient with a positive test result (on either MDCT or MRI) has 
approximately a 90 percent chance of having pancreatic adenocarcinoma, whereas a patient with 
a negative test result (on either MDCT or MRI) has only a 12 percent chance of having 
pancreatic adenocarcinoma. Examination of studies comparing MDCT vs. PET/CT, EUS-FNA 
vs. PET/CT, or MRI vs. PET/CT did not allow us to draw conclusions regarding comparative 
accuracy for diagnosis, due to low quality or limited evidence. 

For staging, we found that EUS-FNA is more accurate than MDCT for T staging (tumor 
size). The comparative accuracy of EUS-FNA over other technologies for diagnosis and staging 
was mostly unclear, although for resectability we did find it was approximately equivalent to 
MDCT (detailed below). 

In the staging assessment of metastases (M staging), PET/CT was more accurate than 
MDCT. A positive MDCT indicates an 80 percent chance of actually having metastases (i.e. 
PPV of 80 percent), whereas a positive PET/CT indicates a near100 percent chance (i.e. PPV of 
100 percent). A negative MDCT indicates a 23 percent of having metastases (i.e. NPV 23%), 
whereas a negative PET/CT indicates a 17 percent chance of having metastases (i.e. NPV 17%). 
M staging was the only area in which PET/CT was found superior to other imaging modalities. 
In the assessment of vessel involvement MDCT and MRI had similar accuracy. We estimate that 
a positive test result (on either MDCT or MRI) indicates a 73 percent chance of vessel 
involvement (i.e. PPV of 73 percent), whereas a negative test result (on either test) indicates only 
a 5 percent chance (i.e. NPV of 5 percent). For determining resectability of those not staged, 
MDCT and EUS-FNA were found to be approximately equivalent in accuracy. Those who are 
deemed unresectable by either MDCT or EUS-FNA have about an 88 percent chance of actually 
being unresectable (i.e. PPV of 88 percent), and those who are deemed resectable by either test 
have about a 70 percent chance of actually being resectable (i.e. PPV of 70 percent). This is 
important because upfront determination by imaging or endoscopy that an individual’s tumor is 
unresectable spares him/her surgery and its associated morbidity. 

MDCT angiography (CTA) with 3D reconstruction is a newer technology, for which no 
conclusions could be drawn in this review due to limited evidence. One study that was performed 
by the software developers of the technology suggested a greater ability of CTA with 3D 
reconstruction to accurately detect resectability over MDCT that does not include reconstruction. 
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Additional research would help verify and further elucidate the role of this imaging study in 
diagnosis and management of pancreatic cancer. 

One of the practical challenges that remains is that while our key questions looked separately 
at the comparative effectiveness of imaging procedures for diagnosis, staging and resectability, 
generally speaking these determinations occur simultaneously or in rapid succession. So, the 
question naturally arises, do our findings mean that all four imaging modalities should be used in 
the evaluation of patient’s with suspected pancreatic adenocarcinoma? Specifically, should an 
individual have an MDCT or MRI for diagnosis, assessment of vessel involvement and potential 
resectability determination, followed by an EUS-FNA for tumor staging, followed by a PET/CT 
for metastatic staging? Although our results did not permit determination of the optimal 
sequencing of imaging tests, they suggest that MDCT or MRI, plus EUS-FNA, plus PET/CT 
may all be appropriate for the diagnosing, staging, and resectability determination of suspected 
pancreatic adenocarcinoma. 

However, these four imaging studies are not all equally available. Each study has its 
associated risks of harms as well as patient preferences and tolerances. MDCT is the most widely 
available, and although it is associated the least amount of operator/interpreter dependence it 
does have the potential of harms from radiation exposure and administration of contrast dye. 
MRI and PET/CT are the next most available. These examinations are associated with slightly 
more operator/interpreter dependence and while PET/CT does expose patients to radiation (both 
through CT technique as well as radioactive isotopes), MRI does not. Finally EUS-FNA is a 
highly specialized procedure that is currently less-widely available than the other modalities 
examined. This procedure is associated with the most amount of operator dependence and also 
associated with the most harms including post-procedure pancreatitis, pain, GI perforation and 
bleeding. However, EUS-FNA does enable tissue biopsy, unlike the other imaging modalities. 
Patient perspectives identified in the literature were from studies screening high risk populations 
for pancreatic cancer, where both EUS-FNA and MRI were found in 10% and 11% of the 
population, respectively, to be “very uncomfortable.” However, given the poor prognosis of this 
disease, a “very uncomfortable” study that could provide significant information for diagnosis 
and management might be tolerable to an individual potentially facing such a grave diagnosis. 

Currently, there are no high grade evidence based clinical practice guidelines on which 
imaging modalities to use in diagnosing and staging of pancreatic cancer. Existing practice 
follows a multi-modality paradigm that is largely institution-specific based on technology and 
resource availability and institution and provider preference. This approach allows for potential 
inappropriate variation and disparities in care. This report sheds additional light on which 
imaging modalities are more accurate or roughly equivalent for various aspects of diagnosis and 
staging of pancreatic adenocarcinoma, and could be incorporated into additional guidance 
developed for clinicians. Additional research, particularly among newer technologies such as 
MDCT angiography with 3D reconstruction or MRI angiography may be useful. However, it is 
uncertain if the improved resolution associated with newer imaging procedures will replace 
existing imaging or will simply add to the repertoire of pre-operative evaluation. 

Similarly, there is no guideline or uniform approach for pancreatic cancer screening among 
asymptomatic high risk individuals that is widely accepted. The USPSTF recommends against 
screening for pancreatic cancer among the general population (i.e., average risk persons) due to 
the low incidence of this disease. Consensus statements on approaches to a risk-based approach 
to screening exist but, again, are not supported by high grade evidence. Some cost-effectiveness 
studies have even suggested that “doing nothing” or not screening is the most appropriate, cost-
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effective approach for high risk individuals at this time. Others have suggested that imaging, 
genetic and tumor marker evaluation should be restricted to the context of research. Our goal was 
not to determine if screening HRIs for pancreatic cancer was appropriate or effective, but rather 
to determine which imaging modalities might be more accurate for screening. Unsurprisingly, 
the literature on screening in high risk individuals includes multiple imaging procedures and in 
some cases include genetic (i.e. p16, BRCA2) and/or tumor marker (i.e, CEA, CA19-9) testing in 
addition to imaging. Inconsistent utilization and reporting of imaging, genetic and tumor markers 
in screened individuals creates significant difficulty in comparing various imaging modalities 
within a study and also comparing between studies. Thus, the studies examined provide no 
evidence for conclusions regarding comparative accuracy of imaging modalities for screening. 
At this time, further research is needed to elucidate the benefit of pancreatic screening among 
high risk individuals including preferred imaging modalities. 

Applicability 
We judged the applicability of the evidence based on the PICO framework (patients, 

interventions, comparisons, and outcomes). Regarding patients, the typical age of patients in the 
included studies was 60–65 years. By contrast, in the National Cancer Institute’s Surveillance 
Epidemiology and End Results (SEER) database,33 the median age at diagnosis of pancreatic 
cancer from 2006 to 2010 was 71 years. The extent to which the accuracy of imaging tests varies 
by patient age is unclear, but because of the greater likelihood of complicating comorbidities 
among older patients, test results may be more accurate among younger patients. Comparative 
accuracy, however, may be unaffected. In terms of gender, the typical percentage of patients who 
were female was 40 percent to 50 percent, and the SEER database reported annual incidence 
rates of 13.9/100,000 for men and 10.0/100,000 for women; these incidence rates suggest that 
approximately 42 percent of newly diagnosed cases of pancreatic cancer are women. Thus, the 
gender ratio in the studies we included seems typical. 

Regarding tests and comparisons, we included data only on imaging technologies that are 
currently in wide use for the diagnosis and staging of pancreatic adenocarcinoma. MDCT is 
widely used as the first imaging test for suspected pancreatic cancer, and most studies used CT. 
Specific test protocols, however, may differ between the studies we included and the typical test 
parameters used outside the context of a research study. 

Regarding settings, most studies were conducted in university-based academic or teaching 
hospitals, which may limit the applicability of the results to community hospitals. Such hospitals 
may differ from the settings in the included studies with respect to the experience of the 
technicians administering the imaging test or the interpretation skills of those reading the 
imaging results. Bilimoria et al. (2007)165 found that among 35,009 patients treated for pancreatic 
cancer, 54 percent were at community hospitals whereas only 38 percent were at academic 
hospitals (another 2 percent were at Veterans Administration hospitals). For the pancreas-
specific studies we included, 77 percent were at academic hospitals. Thus, academic settings 
were overrepresented in the evidence we reviewed. The implication of this is unclear, but 
possibly the test readers or practitioners may be more experienced than at nonacademic centers. 
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Limitations of the Comparative Effectiveness Review 
Process 

This section discusses problems that we encountered conducting this systematic review and 
how we addressed them. After peer review, we will address substantive issues raised by peer 
reviewers that did not result in major changes to our report. First, we discuss the following key 
issues: (1) Whether to include EUS-FNA as a technology of interest; (2) Whether to address the 
issue of single-test accuracy; (3) How to assess the risk of bias of comparative accuracy studies; 
and (4) How to conceptualize study design and data abstraction for studies of screening. 

A first challenge concerned EUS-FNA. Before our involvement, another Evidence-based 
Practice Center had recommended that this technology not be included in a comparative 
effectiveness review (CER) of “imaging tests” for pancreatic adenocarcinoma. The reason was 
that, unlike comparison technologies such as MDCT, EUS-FNA involves more than just 
imaging, because a biopsy can be taken and then analyzed. Thus, the concern was that any 
comparison would unfairly favor EUS-FNA. When we scanned the literature, it became clear 
that EUS-FNA for suspected pancreatic adenocarcinoma is very common and therefore was 
mentioned by numerous studies of diagnosis and staging. In order to maximize the relevance of 
our report, we decided to include it, and this decision was supported by our Technical Experts. 

A second challenge involved whether this CER should not only compare different imaging 
technologies but should also assess test performance data on each modality in isolation 
(i.e., noncomparative). Strictly interpreted, a “comparative” effectiveness review should only 
involve comparisons among modalities. However, we were aware of several systematic reviews 
providing some information about each test in isolation, and as long as the assessment was 
confined to these reviews, the focus would not be overly distracted from the main comparative 
questions. Thus, we decided to include two questions (KQ1a and KQ2a) on single test accuracy, 
limiting our resources to systematic reviews. These systematic reviews resulted in estimates for a 
subset of the information desired. However, several accuracy estimates have not been addressed 
by systematic reviews, and may potentially be addressed by primary studies. 

A third challenge involved assessing the risk of bias of comparative accuracy studies. The 
basic target for this assessment is whether a study comparing the accuracy of test A to that of test 
B (measuring both against a common gold standard) was biased in favor of one of the two tests. 
Ideally, we could have used an existing off-the-shelf assessment instrument. Current risk-of-bias 
instruments for diagnostic studies (e.g., QUADAS-2) do not sufficiently address this topic 
because they were designed for single-test accuracy studies (e.g., did this study provide unbiased 
estimates of test accuracy). We thought carefully about potential areas of bias and devised our 
own instrument for this purpose. The instrument has not been tested by others, and its 
appropriateness should be verified. 

A fourth challenge concerned how to conceptualize study design and data abstraction for 
studies of screening. Screening for pancreatic precursor lesions is, by its very nature, a different 
clinical process from diagnosis and staging in symptomatic patients. The idea is not just to find 
pancreatic adenocarcinomas earlier, but to identify any precursor lesions, determine whether they 
should be resected, perform the necessary resections, and perform continued surveillance on 
those resected as well as those deemed lesion-free by initial screening. Thus, we faced challenges 
in categorizing the lesions found in the included screening studies, and in synthesizing the data 
reported. 
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Limitations of the Evidence Base 
Current evidence is limited in several ways, and below we discuss the two most important 

limitations: risk of bias and imprecision. Also, we mention publication bias in the context of our 
searches of clinicaltrials.gov as well as our quantitative analyses of publication bias. 

The first limitation concerns the risk of bias in the included studies. We judged most studies 
at moderate risk of bias, and this was due to several types of concerns. One concern is test 
timing: many studies did not report how many days, weeks, or months had elapsed between the 
two imaging tests. Given the relatively fast progression of pancreatic cancer, a long interval 
could cause an apparent difference in test accuracy even between two identically accurate tests. 
Another concern is an unbalanced availability of information: many studies did not report 
whether the readers of one test had the same information available as the readers of the other 
tests. Differential information could cause differential accuracy results. A third concern is the 
prior expertise of the readers: few studies reported that readers had similar levels of prior 
experience with the two tests under consideration. Greater experience with one test than the other 
could bias study results in favor of the first test. This could have resulted in a finding of a 
difference when in fact the tests are similarly accurate, or it could have resulted in a finding of no 
difference when in fact the second test is more accurate. 

The other major limitation of the evidence is imprecision. In several instances regarding 
comparative test accuracy, the evidence was too imprecise to conclude that one test is better than 
another, or that the tests are similarly accurate. We performed meta-analyses to maximize the 
precision of the data, but still, we often judged the resulting summary statistics too imprecise to 
determine the direction of effect. For example, an ongoing question in the literature is whether 
MDCT and MRI are similarly effective in detecting metastases of pancreatic cancer. Our 
Technical Expert Panel had expressed the general belief that MRI can be better for detecting 
metastases to the liver. We performed a meta-analysis of five studies comparing the accuracy of 
these imaging technologies for detecting metastases. Both tests were generally poor, with a 
pooled sensitivities of about 50 percent (MDCT sensitivity was 48 percent with a 95 percent CI 
from 31 to 66 percent, as compared to MRI with a sensitivity of 50 percent and a 95 percent CI 
from 19 percent to 82 percent). The wide confidence intervals are due to the fact that these five 
studies had enrolled a total of only 54 patients with metastases from pancreatic cancer. 

Regarding potential publication bias, we performed three quantitative analyses to investigate 
the correlation between the end recruitment dates and observed findings (in the 3 analyses 
containing 5 or more studies), but we did not find any reliable trends. We also searched 
clinicaltrials.gov, and did not identify any records that suggest the existence of older unpublished 
trials whose publication may have been suppressed. We identified four relevant records: 

•	 One (NCT00920023) was last updated in March 2013 and involved only a single 
imaging test (MRI); therefore, it would be included only for our Key Question 3 on 
harms. Few MRI studies report procedural harms, however, so this study is unlikely 
to have been included. 

•	 Another (NCT00885248), with unknown recruiting status, will compare the accuracy 
of MDCT to PET/CT, therefore may be published in the future. 

•	 A third (NCT00816179) was still recruiting as of October 2013 and involves only 
EUS-FNA; such studies sometimes meet our inclusion criteria for harms, so it should 
be considered during updates. 
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•	 A fourth (NCT01717196) is ongoing but not recruiting, and compares different 
aspirate volumes with EUS-FNA with respect to accuracy and complications. The 
complications data should be considered for updates. 

Research Gaps 
For characterizing gaps, we used the Hopkins EPC framework proposed by Robinson et al. 

(2011).166 That system suggests that reviewers identify a set of important gaps and determine the 
most important reason for each gap. Each gap should be assigned one of the following reasons 
for the inability to draw conclusions: 

A. Insufficient or imprecise information: no studies, limited number of studies, sample 
sizes too small, estimate of effect is imprecise 

B. Information at risk of bias: inappropriate study design; major methodological 
limitations in studies 

C. Inconsistency or unknown consistency: consistency unknown (only 1 study); 
inconsistent results across studies 

D. Not the right information: results not applicable to population of interest; inadequate 
duration of interventions/comparisons; inadequate duration of followup; optimal/most 
important outcomes not addressed; results not applicable to setting of interest 

The first important gap concerns the general lack of specific evidence on MDCT 
angiography. This newer technology had been suggested by one of our Technical Experts as a 
key technology of interest in the context of the diagnosis and staging of pancreatic 
adenocarcinoma. Our review included only a single study of this technology; thus, the primary 
reason for the inability to draw conclusions is reason A, insufficient or imprecise information. 

The second important gap concerns the lack of evidence on comparative longer-term 
outcomes such as how patients were managed differently after different tests, the length of 
survival after undergoing different imaging tests, and the quality of patients’ lives after different 
tests. No studies have provided comparative information in the context of diagnosis and staging 
of pancreatic adenocarcinoma; thus, the reason for this gap is A, insufficient or imprecise 
information. 

The third important gap concerns the lack of evidence on important factors that could 
influence comparative accuracy, such as the prior experience of test readers (e.g., 2 tests may 
have similar accuracy if readers are very experienced, but one may be much better if readers are 
less experienced), patient factors (e.g., for patients with jaundice, one test may be better, but for 
patients without jaundice that same test is worse), and tumor characteristics (e.g., for staging 
small tumors, 1 test is best, but for large tumors, another test is best). Again, no studies provided 
pertinent data, so the reason for this gap is A, insufficient or imprecise information. 

The fourth important gap concerns the screening of asymptomatic high-risk people. No 
studies have reported test-specific screening accuracy. This is an important gap in the literature 
because there is little evidence to justify the choice of one screening test over another. 

Future research should address these gaps by conducting studies specifically designed to 
answer the important gaps. For example, to determine whether patients live longer after 
undergoing MDCT for diagnosis as compared with undergoing EUS-FNA for diagnosis, a future 
study should randomly assign patients suspected of having pancreatic adenocarcinoma to receive 
only one of the two modalities. Sufficient followup of all patients should be used to determine 
which group of patients lived longer. This would represent direct evidence on the most important 
outcome, survival. 
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Randomized trials may be far in the future, but existing study designs (e.g., studies 
comparing the diagnosis performance of different modalities) could be analyzed more 
comprehensively to address other identified gaps. For example, symptomatology varies greatly 
from patient to patient (degree of jaundice, weight loss, abdominal pain). One key gap involved 
the absence of information on whether comparative test accuracy was influenced by such patient 
factors. Addressing this gap would not require novel study designs, but simply involves 
additional analyses of data already being collected in the field. 
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Abbreviations and Acronyms 
95 percent CI: 95 percent confidence interval 
ACR: American College of Radiology 
AJCC: American Joint Committee on Cancer 
BD-IPMN: branch duct intraductal papillary mucinous neoplasia 
CER: comparative effectiveness review 
CINAHL: Cumulative Index to Nursing and Allied Health Literature database 
CKD: chronic kidney disease 
cm: centimeter 
CT: computed tomography 
EPC: Evidence-based Practice Center 
ERCP: endoscopic retrograde cholangiopancreatography 
EUS: endoscopic ultrasound 
EUS-FNA: endoscopic ultrasound with fine-needle aspiration 
FDA: U.S. Food and Drug Administration 
FDG: 18F-fluorodeoxyglucose 
GBCA: gadolinium-based contrast agent 
IV: intravenous 
kg: kilogram 
M stage: metastases stage 
MDCT: multidetector computed tomography 
MD-IPMN: main duct intraductal papillary mucinous neoplasia 
MHz: megahertz 
mg: milligram 
mL: milliliter 
mm: millimeter 
mm Hg: millimeters of mercury 
MRCP: magnetic resonance cholangiopancreatography 
MRI: magnetic resonance imaging 
N: number 
N stage: nodal stage 
NA: not applicable 
NR: not reported 
NS: not significant 
NSF: nephrogenic systemic fibrosis 
p: probability value 
PanIN: pancreatic intraepithelial neoplasia 
PET: positron emission tomography 
PET/CT: positron emission tomography–computed tomography 
QUADAS: quality assessment tool for diagnostic accuracy studies 
SD: standard deviation 
SEER: Surveillance Epidemiology and End Results (National Cancer Institute) 
SMA: superior mesenteric artery 
SMV: superior mesenteric vein 
T stage: tumor stage 
T: Tesla 
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Glossary of Selected Terms 
Blood vessel involvement—The extent to which the tumor surrounds or involves major 

blood vessels. The degree of surrounding (e.g., <180° or >180°) and the specific blood vessel 
(e.g., superior mesenteric artery) will influence resectability. Venous involvement is generally 
more resectable than arterial involvement. 

M staging—In the American Joint Committee on Cancer (AJCC) TNM system, M0 denotes 
a primary tumor that has not metastasized, and M1 denotes metastases. Metastatic cases are 
unresectable. 

Metastases—Spread of the primary pancreatic tumor to other distant parts of the body 
(e.g., liver, peritoneum) 

N staging—In the AJCC TNM system, N0 means regional lymph nodes are not involved, 
and N1 means they are. Lymph node involvement does not play a critical role in determining 
resectability. 

Pancreatic adenocarcinoma—The most common type of pancreatic cancer; a solid tumor. 

Pancreatitis—Inflammation of the pancreas. 
Radiation—A harm of computed tomography that can increase the risk of developing 

cancer. 
Resectability—The degree to which the tumor can be safely removed surgically. Resection 

is the only chance of cure for those who have pancreatic adenocarcinoma. 
Sensitivity—The performance or likelihood of an imaging test to correctly detect cancer. It is 

computed by dividing the number of patients who test positive on the imaging test by the number 
of patients who were actually positive via the gold standard test. 

Specificity—The performance or likelihood of an imaging test to correctly rule out cancer. It 
is computed by dividing the number of patients who test negative on the imaging test by the 
number of patients who were actually negative via the gold standard test. 

T staging—In the AJCC TNM system, T staging indicates the primary tumor size and/or 
spread. T0 means there is no tumor; TX means unknown size/spread; Tis means carcinoma in 
situ; T1 means a tumor <2 cm and confined to the pancreas; T2 means a tumor >2 cm and 
confined to the pancreas; T3 means the tumor has extended outside the pancreas but not to 
nearby arteries; and T4 means the tumor has extended outside the pancreas to nearby arteries.36 
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